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ABSTRACT   
Asbestos sampling and monitoring data, starting from 2003, located in a large federal 
facility’s Asbestos Air Database Management (AADM) repository will be queried and 
analyzed on airborne asbestos fiber concentrations generated from abatement activities 
of asbestos-containing materials (ACM) and asbestos-containing building materials 
(ACBM).  Historically, concerns expressed by personnel outside of the containment areas, 
whether adjacent to or quite a distance from the asbestos abatement activities present 
operational challenges for the project manager, potential angst and uneasiness to 
personnel residing next to the abatement activity as well as programmatic concerns to the 
building/facility managers.  The concerned individuals working outside the abatement 
enclosure, in an unrelated activity to the abatement often believe there is a high probability 
for personal exposures of asbestos fibers based on their proximity to the abatement 
activities.  Perceptions regarding containment performance, the uncertainty surrounding 
the long latency period between asbestos fiber exposure and onset of disease, and the 
lack of understanding about containment efficacy are just some of the elements that can 
generate worry.  Using statistical analysis tools, such as regression analysis, relationships 
between one or more predictor variables relative to a response variable were investigated.  
This research reviewed and compared airborne asbestos fiber sample data relative to the 
specific activities, whether abatement or other, that were performed.  In an effort to 
establish a holistic awareness to the reader as to why individuals are concerned about 
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being located near asbestos abatement activities, the history of asbestos regulation and 
epidemiology is also discussed. 
The dataset contained 5534 sampling records made up of 3738 area samples (1426 
outside containment structure and 2312 inside containment structure) and 1796 personal 
samples.  Analysis identified that 1779 (>99%) out of the 1796 total personal exposure 
samples in the dataset indicated the asbestos workers were appropriately protected from 
overexposures. Only seventeen (<1%) of the 1796 total personal exposure samples 
exceeded the respective Occupational Exposure Limits (OELs): 
• Fifteen of the 17 exceeded the 8-hr TWA, 0.1 f/cc OEL.  These exceedances 
were positively correlated with work tasks identifying that no respirators were 
required due to a Negative Exposure Assessment (NEA). 
• Two of the 17 exceeded the Assigned Protection Factor for the Half Face APR 
(10x the OEL protection) adjusted 8-hr TWA OEL, 1 f/cc.   
• There were no OEL exceedances identified for any 30-min Excursion personal 
sampling events. 
The focus for this assessment was to determine the efficacy of the asbestos 
abatement process and increased health risks to personnel. The findings suggest there is 
performance variability in the containment structures; however, the abatement process was 
effective and protective of the non-asbestos personnel outside of the abatement work area. 
It can also be concluded that the abatement process of containment structures, negative air, 
work methods (e.g. wet methods) and Personal Protective Equipment (PPE) have provided 
a protective environment for both workers and non-asbestos personnel outside of the 
containment structures.    
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CHAPTER ONE: INTRODUCTION 
 
1.1 Background:  
Better is good, best is great!  This is how many have responded through the 
millennia to a material that is fibrous but crystalline; elastic yet brittle; is mined as a natural 
stone but can still be carded, fluffed, spun and woven.  Adding properties such as being 
inexpensive, naturally abundant, offering physical flexibility, non-combustibility, being a 
non-conductor of heat or electricity and one can easily understand why asbestos has 
been labeled as one of nature’s most marvelous productions for good reason.1  One 
might be curious how the tiny filament, the thin fiber has offered so much wealth as a 
global commodity in building the infrastructure of today’s industrialized nations?   In an 
effective, early twentieth century branding effort, asbestos was allegorically identified as 
a Greek-goddess holding a shield made from asbestos protecting humankind from the 
elements and as offering protection of life safety2 (see Figure 1).  Yet, with all of the 
marketing, hype and branding, the “Magic Mineral” love affair hardly lasted for one 
century.  Interestingly, there is minimal historical evidence through the ages discussing 
human exposures to the airborne fibers, even after the Romans witnessed the disabling 
breathing impacts on the slaves weaving asbestos.3 
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Correlations between exposure and disease became apparent though, as 
epidemiological reports and observations of debilitating health impacts did start to show-
up in the turn of the twentieth century, just as the asbestos marketing machine began its 
crescendo.4     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15: Turner & Newall Ltd. – “Lady Asbestos” 
 
Compelling and ornate illustration attributed to former British asbestos mega-company, 
Turner & Newall Limited (T&N). The image represents ‘Lady Asbestos’ – this symbol of 
protection was first used in 1918 in publicity material produced by Turner Brothers 
Asbestos. Designed by Bernard Partridge, it shows an iconic drawing seeming to portray 
a strong sense of reverence for the use of asbestos defending civilization from the 
elements and natural forces.” 
  
For perspective and contextual framing of this subject matter, a short chronological 
review is needed to understand why many people in these modern times are fearful of 
asbestos as well as being physically close to any active asbestos abatement projects.  The 
timeline review reveals clearly that asbestos is not a modern innovation, but instead an age-
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old product.  The review will also demonstrate, from this author’s viewpoint the significant 
developments and aspects supporting the current asbestos concerns, legislation and 
regulation: 
• The “Early Times”, Roman & Greek Uses of Asbestos: 
Asbestos use started over 3000 years ago, at least that’s where the evidence 
starts.  Frankly, this author surmises its use pre-dates written history but it was most 
likely exploited sparingly.  Archaeological fieldwork in Scandinavia has found asbestos 
containing pottery and log home chinking dated back to 3000 BC.6   The first century 
AD Roman scholar, Gaius Plinius Secundus, AD 23–AD 79 (a.k.a. “Pliny the Elder”) 
endorsed asbestos as “affording protection against all spells, particularly that of the 
Magi” while, at the same time was warning asbestos mineral refiners to “… envelop 
their faces with loose transparent bladders, which enable them to see without inhaling 
the fatal dust.”  Furthermore, it was recommended not to purchase slaves that had 
worked in the asbestos quarry mines because they die young.7   Interestingly and 
parallel to the warnings to the early asbestos refiners, the positive performance features 
of asbestos were being acknowledged in conjunction to its negative health hazards.  
It’s said that Charlemagne or Charles the Great used woven asbestos as flame 
retardant cloth, building materials and general-purpose clothing.  The tablecloth could 
be thrown into the fire to remove food and other debris, and placed back on the table 
to reinforce his guest’s perception that he had supernatural powers.  It appeared as if 
the “Magic Mineral” was certainly on its way to stardom.  
• Medieval Times:  
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Marching forward in time, the opportunities offered by the growing global trade 
routes found many additional uses for asbestos being threaded into many 
geographically diverse and different cultures.  Some examples are: 
o Persians imported asbestos from India for wrapping their dead.8 
o It’s been reported that asbestos was used as insulation inside suits of armor. 9 
• The American and Great Britain Industrial Revolution:  
By the 1860’s asbestos was found in thousands of products to include fillers in 
cement products, brake linings, any products needing fire resistive, roofing felts & 
shingles, vinyl floor & ceiling tiles, packing’s & gaskets, joint compounds & caulking, 
thermal sealing “muds”, general thermal pipe & block insulation and electrical products 
needing thermal and electrical conductivity insulating features.10  The Magic Mineral 
rise to success continued its exponential market growth. 
• But, The Health Concern Always Seemed to be Ever Present: 
1897: a Vienna physician alleged and blamed asbestos dust inhalation for causing 
emaciation and pulmonary disease occurrences in asbestos weavers and their 
families.11 
1899 & 1906: Great Britain factory inspectors issued reports detailing concerns 
about respiratory illnesses and deaths of workers in dusty asbestos plants.12 
1906: Dr. Hubert Montague Murray, a physician in London's Charing Cross 
Hospital, performed a postmortem exam on a 33-year-old male who worked for 14 
years in a British asbestos textile plant.   The man actually was the last survivor of a 
cohort of ten (10) men who worked in an asbestos “carding room” (Note: “Carding” is a 
mechanical process that disentangles, cleans and intermixes fibers to produce a 
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continuous web suitable for subsequent processing).  After finding asbestos fibers in 
the man’s lungs, and deducing the correlation history of pulmonary fibrosis in addition 
to the other team members of the workgroup, Dr. Murray attributed the death to lung 
fibrosis was caused by asbestos dust exposure.  This was a significant and pivotal 
moment in the modern day asbestos story, as there was now a documented death 
caused by occupational asbestos exposure.13  With the establishment of a medical 
derived correlation between occupational asbestos exposure and early death 
causation, the medical community started to report multiple other British factory worker 
deaths.14 
1924: Another British physician and pathologist, Dr. William Edmund Cooke 
determined that occupational asbestos dust exposure caused tuberculosis and lung 
fibrosis disease in a 33-year-old female British textile worker, Ms. Nellie Kershaw.  Ms. 
Kershaw had been working with asbestos since she was 13 years old.  Dr. Cooke 
coined the medical term “Pulmonary Asbestosis” for the women’s condition.15  This 
event identifies the first diagnosis of “asbestosis”.   
1927: Based upon the British documentation regarding the occupational hazards 
of working with asbestos, the news traveled across the Atlantic Ocean sponsoring the 
first “official” claim for compensation associated with asbestos exposure being made in 
the United States by a foreman working in an asbestos textile plant in Massachusetts.16  
It is important to note that Great Britain drafted (and consequently passed in 1931) laws 
to increase ventilation in the factories and to make asbestosis a compensable work-
related disease.  Sadly, the United States would lag close to a decade later before 
following Great Britain’s lead. 
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1930: Retrospectively, it was identified there were approximately twelve (12) 
existing reports of asbestos-related deaths in Britain, Europe and the United States 
which, sponsored continued active medical interest.17  During this same year (i.e. 
1930), the first major, epidemiologically focused clinical study titled “Report On Effects 
of Asbestos Dust on the Lungs and Dust Suppression in the Asbestos Industry” 
involving hundreds of asbestos workers was conducted by Dr. Merewether, the chief 
UK factory inspectorate, discussing the occurrence of asbestos exposure, the resulting 
lung disease and the recognition that asbestosis had a latency period between 
exposure and the onset of the disease.  The study was published in both Britain and 
the United States.18  This pivotal and foundation-forming report with regard to asbestos 
exposures and its impacts on human health, identified that a cohort of 374 factory 
workers exposed to asbestos dust for a time period ranging from zero (0) to twenty (20) 
years:19 
o More than one out of every four or twenty-five (25) percent of the workers 
suffered from asbestosis;  
o Thirty five (35) percent of the workers exposed to asbestos dust form five (5) to 
twenty (20) years had asbestosis. 
This baseline study correlated exposure time and dust concentration (a.k.a. 
“intensity”) to a lung disease concluding, that “dust suppression and good 
housekeeping efforts should be followed”.  Additionally, education of the workforce 
such as, warning asbestos workers of the risks associated with asbestos and routine 
medical monitoring, was advised.20 
• US Government & Regulatory Agency Involvement in its Infancy (1930’s-1940s): 
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1938: Recall that it had been close to a decade after the Ms. Kershaw “Pulmonary 
Asbestosis” report from Great Britain was released, and finally the U.S. Public Health 
Service drafted and reported a public health bulletin concerning the health risks workers 
were exposed to as they worked in asbestos textile factories.21 
1945: The well-known “Fleischer-Drinker” study published data from a large 
survey of asbestos insulation workers working at the East Coast Naval Shipyards.22  
Surprisingly to many health practitioners, the conclusion from that study was that 
“asbestos covering of naval vessels is a relatively safe operation”.23  Accordingly, the 
study was rightly criticized and scrutinized because 95% of the examined workers had 
only been exposed for less than ten years.  The study protocols conflicted with the 
understanding, presented earlier in Dr. Merewether’s 1930 study, which the latency 
period for asbestosis is typically 10-20 years after the initial exposure. 24  
Fundamentally, from a regulatory and legal perspective, the Fleischer-Drinker 
conclusion was a pivotal “asbestos moment-in-time” because it divided the asbestos 
exposure concerns into two platforms:  
(1) that being asbestosis was a disease of workers exposed to raw asbestos 
materials such as mines and textile factories, but 
(2) not a disease for workers using finished products that contain asbestos 
fibers.25 
Certainly a confounding conclusion for those involved in public health. 
• US Government & Regulatory Agency Involvement Matures (1960s): 
The 1960’s: The global asbestos-manufacturing machine had moved through 
significant growth in the 1950’s and matured as the industrialized nations marched into 
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the 1960s’.  Interestingly enough, the mining technologies had operationally developed 
to the point where they were moving away from heavy use of labor and embracing 
mechanization resulting in a lessor number of workers in the actual asbestos mining 
and milling industry vs. the growing number of workers now using asbestos laden 
products.26 
1965 – A Recalibration of the Fleischer-Drinker study: Dr. Irving Selikoff and 
colleagues published a formative study that reflected the worker population and market 
shift from the “raw, mining asbestos work” to the “use and handling of asbestos 
containing manufactured goods”.  The study titled, “The Occurrence of Asbestosis 
Among Insulation Workers in the United States”, assessed more than 1,500 insulation 
union workers employed in the New York and New Jersey area.27  The data identified 
that approximately half of the workers presented evidence of pulmonary 
abnormalities.28  Specifically: 
o More than 40 percent of the workers falling in the more than 10 to 19 years of 
experience since their first exposure were presenting pleural abnormalities.29 
o More than 90 percent of the workers with over 40 years of experience since their 
first exposure were presenting pleural abnormalities.30 
Clearly, it is obvious that Dr. Selikoff’s pivotal study made the exact opposite 
conclusion of the earlier published 1945 Fleischer-Drinker study.  In this author’s 
opinion, the year of 1965 “re-calibrated” the Fleischer-Drinker asbestos health 
concerns into realizing that “… asbestosis and its complications are significant hazards 
among insulation workers also.”31 
• The 1970s, a regulatory review:  
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From a global perspective, it needs to be noted that the United States is one of 
very few major industrialized nations that has not banned asbestos entirely in all of its 
forms32.  Within the US, asbestos regulations fall primarily under the authority of two 
different federal agencies: 1) USEPA’s Clean Air Act National Emission Standards for 
Hazardous Air Pollutants, (NESHAP) rules and 2) USEPA’s Toxic Substances Control 
Act, (TSCA) rules. 
The 1970 Clean Air Act (USEPA using the National Emission Standards for 
Hazardous Air Pollutants, NESHAP Regulation) classified asbestos as a hazardous air 
pollutant.  The NESHAP regulation gave the U.S. Environmental Protection Agency 
(EPA) the power to regulate the use and disposal of asbestos, which resulted in a 
banning of spray-applied asbestos products.  Some of the significant asbestos 
milestones for the EPA’s NESHAP regulatory engine are: 
o 1973 banned sprayed-applied surfacing asbestos-containing material for 
fireproofing, insulating purposes33; 
o 1975 banned the installation of asbestos pipe insulation and asbestos block 
insulation on facility components such as, the installation of pre-formed (molded) 
asbestos block insulation on boilers and hot water tanks and the wet-applied and 
pre-formed (molded) asbestos pipe insulation34;   
o 1978 banned spray-applied surfacing materials for purposes not already banned. 
(e.g. decorative “popcorn” style ceiling texture although the ban allowed installers 
to use up remaining stocks.  So, houses built as late as 1986 could still have 
asbestos in their acoustic ceilings)35. 
• US Occupational Safety and Health Administration (OSHA)  
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29 May 1971: The fledgling U.S. Occupational Safety and Health Administration 
(OSHA) promulgated an initial exposure standard of 12 fibers/cubic centimeter (f/cc) 
airborne concentration permissible exposure limit (PEL).36  
7 Dec 1971: In a petition request by the Industrial Union Department of the AFL-
CIO, OSHA issued their first Emergency Temporary Standard (ETS) on asbestos 
establishing a PEL of 5 f/cc as an 8-hour time-weighted average (TWA) and a peak 
exposure level of 10 f/cc. 
June 1972: OSHA promulgated a new final standard that codified the ETS, 
thereby established an 8-hour TWA PEL of 5 f/cc and a ceiling limit of 10 f/cc, while 
promising to reduce the PEL to 2 f/cc in July 1976.  This asbestos legislative work was 
sponsored by OSHA’s 2nd major epidemiological asbestos study. 
July 1976: OSHA lowered the 8-hour TWA limit to 2 f/cc. 
4 Nov 1983: OSHA published another ETS for asbestos (48 FR 51096). The ETS 
marked a new regulatory initiative reducing the 8-hour TWA to 0.5 f/cc and a ceiling 
limit of 5 f/cc for 15 minutes. The proposal would have applied to all industries except 
construction.  However, the U.S. Fifth Circuit Court of Appeals held the ETS invalid on 
March 7, 1984 based on the theme that using the ETS process was inappropriate and 
a rule modification was needed as well as citing other technical points regarding 
weaknesses, in the courts opinion in OSHAs risk assessment process. 
10 April 1984: OSHA reintroduced the rulemaking as a notice of proposed 
rulemaking (49 FR 1416) for occupational exposure to asbestos in all work places; 0.2 
f/cc and a ceiling of 5 f/cc subject to the Act.  This singular proposal was revised and 
broken into two rules:  
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1. Revised General Industry, and 
2. Revised Construction. 
21 July 1986: The separate comprehensive asbestos standards for general 
industry and construction, shared the same permissible exposure limit (PEL) and most 
ancillary requirements. Both standards reduced the 8-hour time weighted average 
(TWA) PEL tenfold to 0.2 f/cc from the previous 2 f/cc limit.  Specific provisions were 
added in the construction standard to cover unique hazards relating to asbestos 
abatement and demolition jobs. 
Feb - Sept 1988: OSHA was once again challenged in court.  While most of the 
new exposure standards were upheld, certain issues were remanded by the U.S. Court 
of Appeals for the District of Columbia, two of them being to: 
1. formally delete the ban on the spraying of asbestos-containing materials because 
the ban was unsupported in their regulatory record, which OSHA subsequently 
did; and 
2. issue a Short Term Exposure Limit (STEL), which was established.  OSHA issued 
a STEL of 1 f/cc measured over a 30-minute sampling period on 14 September 
1988 which has more appropriately been termed as an “excursion limit” since 
STELs refer to a 15-minute timeframe instead of a 30-minute time segment. 
8 Nov 1994: OSHA revised the 1986/1988 standard to its 2017 current state of: 
• An 8-hr Time Weighted Average (TWA), Permissible Exposure Limit (PEL) of 0.1 
fiber per cubic centimeter (f/cc) for all asbestos work-in all industries, including 
construction, shipyards, and asbestos abatement work.  This standard has also 
been adopted by the Environmental Protection Agency.  
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• But, note this fact: OSHA was quick to add, however, that the asbestos PEL is a 
“target guideline for regulatory purposes only”, and does not establish any level 
of “safe” asbestos exposure (refer to the “Single-Fiber/No-Threshold/Linear-
Dose/Zero-Threshold Model” in § 1.2, pg. 20 for more detail on why OSHA came 
to this conclusion).  As OSHA writes in its Asbestos Final Rule: “The 0.1 f/cc level 
leaves a remaining significant risk.” 
• The previously identified excursion limit of 1.0 f/cc over 30-minute period was not 
changed and is still mandated. 
o 2002: OSHA published an “Asbestos Fact Sheet” & “Asbestos Standard 
for the Construction Industry”. 
o 2005: OSHA published “Protecting Workers from Asbestos Hazards”. 
• The revised standard established a new classification process for asbestos work 
practices, which divided activities into four classifications and allowed for the use 
of a Negative Exposure Assessment (NEA) demonstration:37 
o Class I: activities involving removal of Thermal System Insulation (TSI) & 
surfacing Asbestos Containing Material (ACM) or Presumed Asbestos 
Containing Material (PACM). 
o Class II: activities involving the removal of ACM, which is not thermal 
system insulation or surfacing material. This includes, but is not limited 
to, the removal of asbestos containing wallboard, floor tile and sheeting, 
roofing and side shingles, and construction mastics. 
o Class III: repair and maintenance operations, where ACM is likely to be 
disturbed. 
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o Class IV: maintenance and custodial activities during which employees 
contact but do not disturb ACM or PACM, and activities to clean up dust, 
waste, and debris result from Class I, II, and III activities. 
o NOTE: All Class I, II, and III asbestos work must be conducted 
within “regulated areas”, which are marked/delineated areas where, 
engineering controls are used, only trained and authorized personnel 
wearing respirators and other protective equipment may enter. 
o Negative Exposure Assessment (NEA): is a demonstration that shows 
“with a high degree of certainty” that an employee exposure will 
consistently be below the PEL for a particular work task.  An NEA will 
allow an employer to dispense with certain precautions, including 
respirators, protective clothing, decontamination facilities and medical 
examinations, while remaining in compliance with the OSHA regulations.  
If a new work task is planned that is a similar task to the original NEA 
data (similar being defined by: the workplace conditions "closely 
resemble" the NEA process, type of material, control methods, work 
practices, environmental conditions, and employee training of an 
asbestos job monitored within the past 12 months), then the new work 
task can follow the same practices as the original NEA.38, 39  
• Continuance of Research and Regulatory Interest from Other Interested Parties 
In 1977 the Consumer Product Safety Commission (CPSC) banned the use of 
asbestos in certain consumer products such as textured paint, wall patching 
compounds, artificial fireplace embers and so forth40. 
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The 1986 Asbestos Hazard Emergency Response Act of 1986 (AHERA) required 
the EPA establish standards for inspecting and removing asbestos in schools.  An 
interesting note to share in this regulatory review section is that during these decades 
(i.e. the 1970’s and 1980’s), the EPA and associate agencies were conducting critical 
research and study efforts to determine if a “safe” asbestos permissible exposure level 
could be identified. 
However, the “Safe PEL” concept all came to an end in 1980, when the U.S. 
National Institute for Occupational Safety and Health (NIOSH) Asbestos Work group 
presented to Dr. Eula Bingham, Assistant Secretary of Labor for Occupational Safety 
and Health, and Dr. Anthony Robbins, Director of the National Institute for Occupational 
Safety and. Health (NIOSH) a “Workplace Exposure to Asbestos, Review and 
Recommendations” document.  A review of the supporting data led the group to 
summarize: “All levels of asbestos exposure studied to date have demonstrated 
asbestos-related disease…there is no level of exposure below which clinical effects do 
not occur.”41  This was a pivotal moment in the asbestos regulatory platform. 
The 1976 Toxic Substances Control Act (TSCA) Asbestos Ban and Phase-Out 
Rule (ABPR) … The “Push-Pull” Between Regulation and Industry Erupts into “Battle 
Lines.” 42, 43, 44, 45, 46, 47  The 1976 Toxic Substances Control Act (TSCA) provided the 
USEPA the authority to place restrictions on certain chemical production and usage; 
asbestos was one of the chemicals. 
USEPAs response to the 1980 NIOSH review stating that “All levels of asbestos 
exposure studied to date have demonstrated asbestos-related disease…there is no 
level of exposure below which clinical effects do not occur”48, initiated a 10-year work 
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effort, spending $10 million dollars developing a study that generated 100,000 pages of 
evidence to issue a final regulation (12 July 1989) under TSCA known as the “Asbestos 
Ban and Phase-Out Rule (ABPR)”, which banned the manufacture, import, processing 
and distribution of asbestos products.49 
As expected, the USEPA ruling of a planned ending to the importation, 
processing, manufacture and distribution of products containing asbestos was fiercely 
challenged by the asbestos industry.  Supporters of the asbestos industry said the ban 
would lead to “death of the asbestos industry by regulation” citing job losses and dire 
economic consequences. 
The asbestos product manufacturers filed a lawsuit against the EPA (Corrosion 
Proof Fittings v. Environmental Protection Agency) on Oct. 18, 1991, the Fifth Circuit 
Court of Appeals50, which ultimately overturned the ABPR ban based on the claim that 
the EPA “… failed to present “substantial evidence” to justify the ban under TSCA”.  
Interestingly though, the court acknowledged the NIOSH/EPA conclusions that asbestos 
exposure in any amount caused cancer.  It needs to be noted that the first Bush 
administration (George Herbert Walker Bush) elected not to appeal the case, which 
ultimately abandoned the government’s momentum to further ban asbestos use in the 
US. 51, 52, 53, 54, 55, 56 
Surprisingly, the court did provide a clarification that the ban could apply to 
“asbestos products” that were not being manufactured, processed or imported on July 
12, 1989, which by the way was the day the USEPA announced the ban.  Furthermore, 
in 1993 the EPA then identified and defined what “asbestos products” were, resulting in 
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a ban of manufacture, importation, processing and distribution in commerce of certain 
asbestos-containing products: 
There are six “banned” categories of asbestos products: 
1. Flooring Felt, 
2. Rollboard, 
3. Commercial paper, 
4. Corrugated paper, 
5. Specialty paper, 
6. Any new uses of asbestos. 
More importantly - the following items were not banned and are currently allowed 
due to the overturned ABPR, meaning that:57 
o asbestos-cement corrugated sheet, 
o asbestos-cement flat sheet, 
o asbestos clothing, pipeline wrap, 
o roofing felt, 
o vinyl-asbestos floor tile, 
o asbestos-cement shingle, 
o millboard, asbestos-cement pipe, 
o automatic transmission components, 
o clutch facings, 
o friction materials, 
o disc brake pads, 
o drum brake linings, 
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o brake blocks, gaskets, 
o non-roofing coatings, and 
o roof coatings.  
Further listings for sunsetted asbestos containing building products can be 
found through references, such as: floor tiles (1984), ceiling panels (1981), siding 
(1983), plastic-acrylic panels (early 1980’s), corrugated asbestos paper (1981), 
joint compound (1980’s) and sheet vinyl products (1983). 
• Current Regulatory Efforts Focused on Asbestos Exposures 
2007: Senator Patty Murray, D-Wash., introduced the “Ban Asbestos in America 
Act” which was drafted to totally ban asbestos in the United States.  The bill did not gain 
much traction in Congress.  The “Murray Bill” passed the Senate, but died in the House 
of Representatives.58  Interestingly enough though, the “Murray Bill” would not have 
banned all asbestos-containing products from use in the U.S. due to negotiating 
compromises for votes.  The interpretation of the “compromising language” would allow 
the sale of products that contain asbestos if the asbestos was not deliberately added.  
Interpretations would have allowed asbestos-tainted vermiculite from the Libby, 
Montana mine could be legally sold, as could asbestos-contaminated talc obtained from 
a mine in upstate New York. 
Sept 2008: Another regulatory approach was taken, titled “The Bruce Vento Ban 
Asbestos and Prevent Mesothelioma Act” which, aimed to amend the Toxic Substances 
Control Act to ban more types of asbestos-containing products.  The bill died in 
Congress and hasn’t been presented for vote again.59 
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2016: The Alan Reinstein Ban Asbestos Now Act of 2016, S.3427 introduced by 
Senator Barbara Boxer (D-CA, still in committee) which, focusing on TSCA would: 
1. identify and assess the importation, sale, and uses of, and exposures to, 
asbestos; and  
2. impose requirements that permanently eliminate the possibility of human 
or environmental exposure to asbestos. 
Interestingly, the bill would allow the President to exempt any use of asbestos 
from the requirements if: 
1. the use is necessary to protect national security interests,  
2. no reasonable alternative to the asbestos use exists for the intended 
purpose, and  
3. the use of asbestos will not result in an unreasonable risk to health or the 
environment.60 
• Bottom Line: What is the United States Asbestos Landscape as of Today?  
To summarize, at this “point-in-time, 2017”, the current US regulatory landscape 
looks like this:61 
o The TSCA banned asbestos containing materials: 
1. Corrugated paper 
2. Rollboard 
3. Commercial paper 
4. Specialty paper 
5. Flooring felt 
6. Any new uses of asbestos. 
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o The Clean Air Act (NESHAPS) banned asbestos containing materials: 
1. Asbestos pipe insulation and asbestos block insulation on facility 
components, such as boilers and hot water tanks, if the materials are 
either pre-formed (molded) and friable or wet-applied and friable after 
drying.  
2. Spray-applied surfacing asbestos-containing materials. 
3. Spray-on application of materials containing more than 1% asbestos to 
buildings, structures, pipes, and conduits unless certain conditions 
specified under 40 CFR Part 61, Subpart M are met. 
o The Consumer Product Safety Commission (CPSC) banned asbestos 
containing materials: 
1. Asbestos in artificial fireplace embers and wall patching compounds. 
Please Note: All other uses of asbestos-containing products/materials are 
allowed in the U.S., such as, automotive brake pads and gaskets, roofing 
products and fireproof clothing. 
o The Current Occupational Exposure Limits:62 
United States Occupational Safety and Health Administration (OSHA) 
Permissible Exposure Limits (PELs): 
• 0.1 fiber per cubic TWA8-hr centimeter (f/cc) for all asbestos work in all 
industries, including construction, shipyards, and asbestos abatement 
work. 
• Excursion limit (1.0 f/cc over 30-minute period). 
• PEL & Excursion Limit updated 1994. 
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• Also in the 1994 amendments, OSHA adopted the NIOSH 1980 
position stating that the asbestos PEL is a “target guideline for 
regulatory purposes only”, and does not establish any level of “safe” 
asbestos exposure.  The final rule stated: “The 0.1 f/cc level leaves a 
remaining significant risk.” 
American Conference of Governmental Industrial Hygienists (ACGIH®) 
Threshold Limit Values (TLVs): 
• 0.1 fiber per cubic TWA8-hr centimeter (f/cc) for respirable fibers. 
• Identified as an A1 carcinogen (A1: Confirmed Human Carcinogen. 
The agent is carcinogenic to humans based on the weight of evidence 
from epidemiologic studies). 
• The TLV was published in 1994. 
National Institute for Occupational Safety and Health (NIOSH) 
Recommended Exposure Limits (RELs): 
• 0.1 fiber per cubic TWA8-hr centimeter (f/cc) for fibers > 5um. 
• Identified as a Ca (Ca: NIOSH considers asbestos to be a potential 
occupational carcinogen). 
• Established the 1980 statement: “All levels of asbestos exposure 
studied to date have demonstrated asbestos-related disease…there is 
no level of exposure below which clinical effects do not occur.” 
• Historical Occupational Exposure Limit Perspective: Prior to the establishment of OSHA 
and Selikoff’s 1965 epidemiological study, the American Conference of Governmental 
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Industrial Hygienists (ACGIH) established exposure limits.  These legacy exposure 
limits are shared for completeness: 
o 1946: The Maximum Acceptable Concentration (MAC) was 5 million 
particles per cubic foot (mppcf).63 
o 1948: the MAC was re-named to “Threshold Limit Value” (TLV) and the 
allowable exposure limit was converted from the 5 mppcf MAC to an 8-hour 
day, time-weighted average (TWA) exposure limit.64 
o 1972: ACGIH is the first to list asbestos as a human carcinogen.65 
o Continual downward movement of the ACGIH TLV has occurred to the 
current level of 0.1 fibers per cubic centimeter (f/cc) TWA, which matches 
the current OSHA permissible exposure limit.66 
Even though the hazards had been identified centuries ago, manufacturing & use 
flourished until the late 1970’s at which time the epidemiological evidence had strongly 
demonstrated there are human health risks and costs to life associated with asbestos 
exposures.  It has been said, “… asbestos has become woven into the fabric of 
industrial civilization”.67  From Magic Mineral to Killer Dust: in reality, the market really 
did not last much more than a century.  Even though the United States and European 
nations have effectively banned most commercial use and applications of asbestos, 
other countries such as Russia, Zimbabwe, Brazil, China and Canada continue to mine 
and export millions of tons of asbestos annually.68 
In closing, this chronological landscape was provided to help the reader with 
contextual “framing of the asbestos concern”.  With so much health interest and 
regulatory “churn”, it is easily understandable as to why people are concerned anytime 
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asbestos is either residing undisturbed or dynamically being disturbed, abated, 
encapsulated or managed in any way.  Trying to understand the causes of this 
uneasiness about “all things asbestos” interest has sponsored this work. 
 
1.2 Health Risk: 
Evidence identifies that asbestos exposure has negative health impacts.  Being a 
recognized human carcinogen, asbestos exposure is causally related to mesothelioma 
of the pleura with the recognized latency period of 20 to 30 years from the initial 
exposure for asbestosis, and up to a 50-year latency period for mesothelioma from an 
initial exposure.  Typically, a person will probably not show any symptoms of disease 
for many years. 
The latency period associated with asbestos diseases (both asbestosis and 
mesothelioma) is dependent on the duration and intensity of exposure. For heavy 
exposure, the latency period typically lies between 12 and 20 years after initial exposure 
occurs. At lower doses of exposure, a longer latency period is expected.69 
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Diseases Associated with Asbestos Exposure 
o Pleural Disease70 
o Asbestosis71 
o Lung Cancer72 
o Mesothelioma73 
o Other Cancers74 
For completeness, a discussion of: 
1. What does epidemiology data identify? and, 
2. The Single-Fiber/No-Threshold/Linear-Dose/Zero-Threshold Model vs. 
Non-Zero/Dose-Threshold Model.  In trying to understand the toxicological 
impacts to the human body after an asbestos exposure, an academic as 
well as philosophical discussion regarding dose and dose-response needs 
to take place. 
Epidemiological data gathered from surgically obtained lung tissue samples or 
necroscopic samples have identified asbestos fiber lung burdens for occupationally 
exposed and environmentally (i.e. non-occupationally) exposed people, both in the 
general population and industrial asbestos workers.  The data suggests that a dose-
response does exist and a lung fiber burden of asbestos fibers can be managed in the 
lungs without an increase in presenting an asbestos-related disease.  Some examples 
are: 
o 55 subjects free from asbestos-related diseases, collected between 2009 and 
2011 in Milan, Italy showed an estimated median value of 0.11 million 
(~110,000) fibers per gram of dry lung tissue for all asbestos forms.75 
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o Among 100 pleural mesothelioma tissue specimens where 88 of the samples 
came from patients that had been exposed to asbestos, 83% of the 88 samples 
(i.e. 73 samples) contained over 100,000 asbestos fibers per gram of dried lung.  
When asbestosis was present in any one of the 88 asbestos exposed samples, 
the lungs nearly always showed over 3 million fibers per gram.  Conversely, in 
100 control-lung samples (i.e. those without industrial disease or lung cancer) 
there were less than 20,000 fibers per gram of dried lung in 71% of the 
specimens.  Additionally, lungs from 100 patients with lung cancer but not due 
to industrial disease also contained less than 20,000 fibers per gram of dried 
lung in 80% of the cases.  Patients with parietal pleural plaques nearly all had 
over 20,000 fibers per gram in their lungs.  It was concluded that “sub-
asbestosis” levels of asbestos exposure do not contribute to the formation of 
lung cancer in those not subjected to industrial asbestos exposure.76 
 
For contextual contrast to the reader, the “Any Exposure” theory of causation 
(a.k.a. “Any Fiber” or “Single-Fiber/No-Threshold/Linear-Dose/Zero-Threshold Model”) 
states that each and every exposure to asbestos (other than background exposures) is 
assumed to be contributing or causative of the asbestos-related disease.  This is based 
on the premise that asbestos disease is a cumulative dose-response process; therefore, 
every exposure would be a contributor to the eventual outcome.  This is the current 
regulatory position of NIOSH (1980 cite) and OSHA (1994 cite). 
This “single-fiber, single-dose” model carries criticism for low dose evaluation,  
because it ignores potent physiological defenses readily available in the human body to 
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repair DNA errors and elimination or preneoplastic cells. 77 , 78  A large body of 
studies/papers discusses the fact that the no-threshold response model is based upon 
assumptions and the precautionary principle, not on scientific studies or weight-of-
evidence.79, 80, 81, 82, 83  One has to note though, there is a large body of evidence that 
does support the existence of a “Non-Zero Threshold”.84, 85, 86 Ultimately, the risks from 
low doses are challenging to quantify, and as previously stated, epidemiological data 
does provide a scientific weight-of-evidence suggesting that a dose-response does exist 
and low doses and/or incidental dose-exposure events pose a no/minimal increase in 
health burden.87, 88  NOTE: the “any exposure” approach is at odds with the legal 
framework established under the Daubert ruling, because the “any exposure” approach 
disregards the fundamentally accepted toxicological premise of dose/response.89 
Drawing upon personal observations and experience from practicing industrial 
hygiene in a number of occupational and non-occupational environments, this author 
believes: 
1. there is epidemiological data providing a scientific weight-of-evidence suggesting 
that a dose-response does exist and low doses and/or incidental dose-exposure 
events pose a no/minimal increase in health burden90,91,92,93 
2. there is also a well-established weight of evidence citing negative health impacts 
from asbestos exposures (acute to chronic exposures), 
3. the recognition that long latency periods between asbestos exposure and 
disease outcome will impact a person’s anxiety from worrying about “the 
uncertainty of what might happen based upon their asbestos exposures”, and 
4. there is a tremendous amount of regulatory maneuvering and litigious hyperbole 
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in today’s environment.   
With the supporting weight of epidemiological evidence that a dose-response does 
exist and the human body can manage an asbestos lung burden, this author’s personal 
opinion favors the belief that regardless of the data, most people have developed a strong 
dislike for “all things asbestos”, and understandably have a desire to be distanced from 
any asbestos activity.  Consequently, questions regarding the efficacy of the abatement 
containment, air handling/cleaning exhaust fans, work procedures & processes being 
used and ultimate transportation and disposal methods are very real concerns.  It is 
understandable why people are worrisome about asbestos activities. 
This research effort focused on a review of the efficacy of the containment or 
procedures used to control the airborne asbestos concentrations during asbestos 
abatement tasks relative to the space outside the containment. 
 
1.3 Purpose and Research Questions: 
“Good” is an enemy of “Best.” Most of us are taught at an early age: “In all things do 
your best, be your best, give your best.”  Following this mantra, establishing “best” practices 
was the intention for the regulatory driven engineering controls in the asbestos removal 
regulatory practices.94, 95, 96  This research is a continuation of that discovering the “best” 
practices and processes. 
United States-based facilities have been actively engaged in the asbestos 
management programs as OSHA and USEPA were developing them.  The 1980’s 
witnessed program development, facility assessments and personnel training.  Personal 
observations starting in the 1990’s through present day have indicated that facility asbestos 
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abatement actions have been adequately funded.   
Starting in 2003, a selected large, federal facility started to collect their abatement 
reports & data into a digitized Asbestos Air Database Management (AADM).  This historical 
dataset was reviewed, area sampling and personal exposure records were collated by the 
abatement work task, what type of asbestos-containing material (ACM; e.g. pipe lagging, 
sprayed-on application, wallboard, gasket, etc.) was being managed and statistically 
analyzed.   
The research questions that were the focus of this effort were: 
1. Assessing the digitized asbestos abatement data (2003 to present), a review to 
identify if containment designs, personal protection equipment portfolios, and 
activities took place to identify if the data: 
a. met the OSHA occupational exposure limit, and 
b. met 90%, 80%, 70% … of the respective OEL (i.e. where descriptively, by 
percentage and frequency of the OSHA exposure limit does the data 
reside). 
2. Are there any patterns or correlations in the dataset that could be used as a 
predictive tool for potential exposure concerns? 
3. Were any of the abatement activities presented a significant health risk to the public 
or community health?
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CHAPTER TWO: DATA SOURCE  
2.1 Database Description:  
The facility has developed two, data-centric tools to manage: 
1. facility asbestos survey data of location and condition; and 
2. sampled asbestos airborne concentrations measured during abatement activities. 
The Asbestos Management Information System (AMIS) database is provided to 
facility managers, system engineers, worksite supervisors, and employees to obtain 
information for use in the performance of their various work tasks, which is especially 
critical for facility maintenance efforts. The AMIS is an on-line index of identified Asbestos 
Containing Building Material (ACBM) that is available to all employees inside the data 
firewall.   Bulk sample analytical results are also stored in this data resource.  AMIS data 
will not be used for this proposed work since the data is focused on bulk sampling & 
location of building materials.97 
A second asbestos data management tool is the Asbestos Air Data Management 
(AADM) tool.  This repository has captured asbestos abatement data since 2003 and has 
approximately 6600 discrete pieces of sampling data.  While abatement data was being 
generated from 1980-1990s, the reports were hard copy.  Starting in 2003, a business 
decision was made to digitize selected information from the abatement reports for future 
data-mining activities or queries.  The AADM toolset is the selected asbestos data 
repository to support this proposal based upon its specific airborne asbestos fiber 
concentration data relative to abatement activities.  For disclosure, it needs to be stated 
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that this author has had no involvement in any of the abatement activities or data 
management of the AADM system.   Furthermore, workers involved in the abatement 
activities had no knowledge that their generated monitoring data would be part of this 
assessment and analysis.  Data accepted into the AADM system, and consequently this 
research process, have met minimum requirements for quality control and completeness 
as established by the facility employer.  Samples were collected using standard industrial 
hygiene protocols; low-flow sample pumps, area samples collected at least 3 feet above 
the floor, 25mm conductive cowl air sampling cassettes were used, pump sample flows 
set to a nominal 2 liter per minute, and all cassettes were pointing in a downward position 
using a mixed cellulose ester membrane using an “open-face” setup.  Analyses used 
either a phase-contrast microscopy (PCM) NIOSH 7400 method for PCM or transmission-
electron microscopy (TEM) NIOSH 7402 for TEM. 
This research presents asbestos air monitoring fiber concentrations from 
personal and area samples that were collected during different types of asbestos 
abatement activities.  Data correlations and relationships were evaluated to assess the 
efficacy of the containment design or methodology used (e.g. wet methods, etc.).  This 
data provided information supporting an evaluation of the airborne asbestos fiber 
concentration data both inside and outside of the containment enclosure. 
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2.2 Data Pre-processing:  
Data collection was queried from the AADM dataset.  Any Personally Identifiable 
Information (PII) was extracted/scrubbed out of the dataset.  Additional data fields that 
were not pertinent to this research such as; sample pump ID, sample ID, sample analyst’s 
name, etc. were not reviewed or used due to their non-relevance for this body of work. 
The following provides a short overview of the database and how the data was used: 
The AADM database held 6640 unique sample data records dated from 2003 to 
present (2017).  Cumulatively, the 6640 samples represent initial baseline sampling, 
samples taken during the abatement activity (both inside and outside of the containment), 
clearance samples after the abatement project was completed, generalized personnel 
exposures not related to abatement activities, area & personal air monitoring samples 
relative to a task (e.g. inspection of an abatement activity, microscopy, etc.) and personal 
monitoring taken during bulk sampling for facility hazard assessments.  Incomplete data 
records such as misspellings and voided sample results had also been placed in the 
AADM dataset.  
A protocol focused on data quality validation was developed and executed to 
ensure data accuracy and robustness.  The 6640 sample data points were screened using 
the validation protocol identified in Appendix A.  The resultant dataset contained 5534 
data entries which comprised the research dataset.   
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CHAPTER THREE:  
METHODS FOR DATA ANALYSIS AND ASSESSMENT 
 
3.1 Data Reduction:  
The AADM dataset resided in an MS Access format consisting of dependent sub-
levels which provided further data fidelity.  To perform the analysis, a single data platform 
(i.e. no sub-levels) was required.  Using the MS Access export feature, the entire MS 
Access dataset was exported into an Excel®, flat file spreadsheet.  The dataset was then 
managed per the following five-step process for accuracy and integrity (see Figure 2 for a 
graphic representation): 
Step 1. A Data Correction/Classification Step (Removal of PII & Data Accuracy): 
i. The data was screened for any Personal Identifiable Information (PII).  
Identified PII was redacted to protect any information that could be used to 
identify or locate any single individual to the exposure data, reviewed for 
spelling errors and overall clarity.   
ii. Additionally, the data was validated for understanding & interpretation.  For 
example, the data field “SEG” which represents the worker’s Similar 
Exposure Group, at times used a data entry of “N/A” when the sample 
represented a general area sample.  In this example, the data field “N/A” 
was renamed to “Area” for congruency to the other area sample 
nomenclature. 
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Step 2. A Validation & Verification Step (Data Quality): 
i. This step reviewed the data for quality aspects, which ultimately determined 
if the data was used or rejected.  An example would be an outlier data 
element that did not meet an acceptable data integrity review.  Sample 
airborne fiber concentration data acceptability was defined by limiting the 
range between (0.001 – 10 fibers/cc).  Additionally, the sample data had to 
also include specific supporting “field-documented” data such as; task id, 
type of sample (i.e. BZ for breathing zone, BG, for background CL for 
clearance, and GA for general area), sample fiber density, sample duration 
and sample pump flow rate. If the airborne fiber concentration sample data 
met all of these specific validation criteria, it was used in the research.  This 
step is to avoid errors caused by human factors with data transference into 
the dataset (i.e. mistakes made during data input). 
Step 3. A Comprehensive, Gross Review Assessment for Context. 
i. A final, comprehensive gross overview of the dataset reviewing the critical 
data elements needed for this research, as identified in Appendix A was 
made.  If the data meet the specifications as outlined in Appendix A, the 
data was cleared for incorporation in this research. 
Step 4. Review the Data Using a Descriptive Statistical Analysis. 
i. The numeric fields were assessed using descriptive statistics such as 
maximum, minimum, mean, standard deviation, frequency, etc.  The intent 
was focused on establishing an interpretation of one or more abatement 
workflow/process that may have produced higher exposures (whether 
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personal or area) over another.  This goal of this step was to identify 
potential predictive exposure elements based upon the historical data. 
Step 5. Review the Data Using a Univariate and Multivariate Analysis. 
i. This assessment was designed to look for simultaneous observations (i.e. 
analyzing the data that arises from more than one variable).  The value for 
this analysis was the alignment to “real life operations”.  Experience has 
shown that abatement activities are an extremely dynamic operating 
environment and this analysis was designed to determine if there is any 
operational variable that best predicts patterns of potential health risks to 
personnel outside/nearby the abatement activity.  
ii. With “real-time operations”, many aspects affect the exposure data and 
there are potential correlations between “not so obvious” variables due to 
unknown complexities.  The exposure data is also presented in quartiles 
and percentiles to allow a comprehensive perspective relative to OEL’s.  
This analysis is important because working health practitioners, such as 
industrial hygienists, attempt to design, with high confidence exposure 
potentials to never exceed the OEL.  This author targets 10% of the OEL for 
process design following the American Industrial Hygiene Associations 
(AIHA) recommended statistical interpretation standard of practice.  If the 
exposure is ≤ 10% of the respective OEL, one could have confidence that 
95% of the time there would not be any overexposures98  This analysis 
looked at the historical exposure concentrations and grouped them with 
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frequency counts accordingly into quartiles against the OEL being 100%.  
The retrospective look identified regulatory risk relative to OEL compliance. 
While this assessment was non-exhaustive, it is felt by this author that the approach 
provided a robust effort to help identify effectiveness of the asbestos abatement process 
practiced by this facility and if high-risk exposures could be predicted using the historical 
dataset. 
 35 
                                   
Figure 2: Five-Step Process for Data Integrity and Accuracy 
Step 1: Data Conditioning (Assessing Data Accuracy):
i.   Converted the MSAccess Database files into an Excel flat file format which will allow for easier manipulation within the
      embedded MSAccess file architecture.
ii. The data was screened for any Personal Identifiable Information (PII).  Identified PII was redacted to protect any
      information that could be used to identify or locate any single individual to the exposure data, reviewed for spelling
      errors and overall clarity.  
ii. Additionally, the data was conditioned for understanding & interpretation.  For example, the data field “SEG” which
     represents the worker’s Similar Exposure Group, uses a data entry of “N/A” when the sample represents a general area
     sample.  In this example, the data field “N/A” was renamed to “Area”.
Step 2: A Validation & Verification; "V & V" (Assessing Data Quality):
Discussed the Step 1 actions with the Dataset Manager, to "vet" the changes and extract any data that didn't fit the
     research project's Scope (i.e. is not part of an abatement process) because the AADM Dataset does include sampling
     data performed for either Health Assessments, Facility Assessments or routine worker exposure monitoring.  This step
     reviewed the data for quality aspects, which determined if the data was used or rejected.  An example would be an
     outlier data element that did not meet an acceptable data integrity review.  Data acceptability was defined by limiting the
     sampled airborne fiber concentration range between (0.001 – 10 fibers/cc).  Additionally, the sample data had to also
     include specific supporting “field-documented” data such as; task id, type of sample (i.e. BZ for breathing zone, BG, for
     background CL for clearance, and GA for general area), sample fiber density, sample duration and sample pump flow
     rate. If the airborne fiber concentration sample data met all of these specific validation criteria, it was used in the
     research.  This step is to avoid errors caused by human interaction, mistakes made during data input, etc.
Step 3: A Comprehensive, Gross Review Assessment for Context.
A final, comprehensive gross overview of the dataset reviewing the critical data elements needed for this research, as
     identified in Appendix A, was made.  If the data meet the specifications as outlined in Appendix A, the data was cleared
     for incorporation in this research.
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Figure 2, continued: Five-Step Process for Data Integrity and Accuracy 
Step 4: Review the Data Using a Summary Descriptive Statistical Analysis.
The numeric fields were assessed using descriptive statistics such as maximum, minimum, mean, standard deviation,
     frequency, etc.  The intent was focused on establishing an interpretation of one or more abatement workflow/process
     that may have produced higher exposures (whether personal or area) over another.  This goal of this step was to
     identify potential predictive exposure elements based upon the historical data.
Step 5: Review the Data Using a Multivariate Statistical Analysis.
This assessment was designed to look for simultaneous observations (i.e. analyzing the data analyze data that arises
     from more than one variable).  The value for this analysis was the alignment to “real life operations”.  Experience
     has shown that abatement activities are an extremely dynamic operating environment and this analysis was designed
     to determine if there is any operational variable that best predicts potential health risks to personnel outside/nearby
     the abatement activity.
Document in a Final Report:
Capture relationships, dependencies, exposure-risks, overexposures where identified.
Step 1: 
Data 
Conditioning 
Step 2:
"V & V"
Step 3: 
Gross 
Review for 
Context
Step 4:
Descriptive 
Statistical 
Analysis
Step 5:
Multivariate 
Analysis
Document in a 
Final Report
Step 1: 
Data 
Conditioning 
Step 2:
"V & V"
Step 3: 
Gross 
Review for 
Context
Step 4:
Descriptive 
Statistical 
Analysis
Step 5:
Multivariate 
Analysis
Document in a 
Final Report
Step 1: 
Data 
Conditioning 
Step 2:
"V & V"
Step 3: 
Gross 
Review for 
Context
Step 4:
Descriptive 
Statistical 
Analysis
Step 5:
Multivariate 
Analysis
Document in a 
Final Report
 37 
3.2 Statistical Analysis:  
Steps 1-3: Data Correction/Classification, Validation, Verification and Comprehensive 
Review 
Steps 1-3 were performed sequentially per the protocol and focused on ensuring the 
data: 
1) Did not contain any PII. 
2) Were corrected of any understandable spelling errors.  An example would be 
a correction of “Brething Zone” to “Breathing Zone”. 
3) Containing ambiguous or generic data such as “N/A” were correctly interpreted 
to a more specific and consistent descriptor.  An example would be correcting 
a descriptor of “N/A” in the sample descriptor that also identified the sample as 
an area sample in the description field.  Consequently, an “N/A” entry was 
edited to contain the descriptor “Area” to ensure proper categorization by the 
analysis software. 
4) Was complete per the defined “validation specifications”.  The sample data had 
to also include specific supporting “field-documented” data such as; task id, 
type of sample (i.e. BZ for breathing zone, BG, for background CL for 
clearance, and GA for general area), sample fiber density, sample duration and 
sample pump flow rate. If the airborne fiber concentration sample data met all 
of these specific validation criteria, it was used in the research.  This step was 
a critical quality check to avoid errors caused by human interaction or mistakes 
made during data input, etc. 
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5) All edits, deletions were reviewed with the AADM Dataset Manager, to ensure 
the changes met the research project's Scope. 
There were initially 6640 records in the raw dataset after converting the MS Access 
Database files into an Excel flat file format.  After the data correction/classification, 
validation & verification and comprehensive review, a total of 5534 data records were 
ultimately used in this research.   
Steps 4 & 5: Summary Descriptive and Multivariate Statistical Analysis: 
1) The dataset contains both categorical and numerical data. 
a. The “Categorical” data contained textual or numeric data, can be 
summarized with pie charts and supportive tables. 
b. The “Numerical” or non-category data can be quantified and summarized 
with histograms. 
c. Describing the data: Summary descriptive statistics, using Microsoft® 
Excel® were used to present some of the fundamental characteristics of the 
dataset and to present quantifiable descriptions in a sensible manner.  A 
univariate analysis describing the distribution, central tendency and 
dispersion characteristics for the numerical, continuous variables were 
calculated to provide a summary for dataset comparisons.  A caution with 
summary descriptive statistics is a potential to present a bias or distortion 
of the original information in the dataset.  For example, using a single 
numeric value to represent the average concentration of airborne asbestos 
fibers doesn’t identify if the general performance of the abatement activity 
was representative of a particular abatement process, containment design 
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or abatement company.  Potential loss of this fidelity in the summary 
descriptive data analyses supported the need for a more conclusive effort.  
Inferential statistics using the General Linear Model resulting in predictive 
modeling was used.99 
2) Making inferences from the dataset: Inferential statistics are specifically designed 
to address the research hypothesis by reaching conclusions that extend beyond 
the immediate data.100 Excel®, Tableau® and Wizard® visual analytic software 
were used to assess the dataset for any interdependencies that could be 
evaluated. The research dataset was the basis for drawing broader inferences and 
make judgements about the more general elements of the asbestos abatement 
program whereas descriptive statistics simply were used to describe “what’s going 
on in the data”. 
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CHAPTER FOUR: RESULTS 
 
4.1 Descriptive Statistics:  
Personal exposure sample results for airborne asbestos fiber concentrations were 
compared to the: 
1. Occupational Safety and Health Administration’s (OSHA) 8-hr, Time 
Weighted Average (TWA) Occupational Exposure Limit (OEL) of 0.1 
fibers/cubic centimeter (f/cc), and the  
2. OSHA 30-minute TWA Excursion OEL of 1 f/cc. 
If a respirator was donned, the Assigned Protection Factor of the respective 
respirator was calculated to derive an adjusted OEL and referenced against the sample’s 
airborne asbestos fiber concentration value.    
The airborne fiber concentration sample values were lognormal distributed.  A  log-
transformation routine placed the data into a normal distribution.  The data was then 
analyzed using standard Gaussian distribution functions to determine the summary 
descriptive statistics. One data point was identified as an outlier with respect to the 
dataset due to the fact it was more than 3-sigma standard deviations from the arithmetic 
mean and consequently removed from the dataset. 
Values meeting the quality protocols were taken verbatim from the dataset, as 
there was no supporting references to identify the laboratory minimum detectable 
concentrations (MDLs) or limits of quantification (LOQ).  Reported zero (“0”) concentration 
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Initial dataset 
contained 
6640 records 
values were removed from the dataset as they were assumed to be representative of 
erroneous or non-existent sample concentration values. 
The initial query from the MS Access Database yielded 6640 initial data records.  
The process to isolate the relevant data, per the protocol’s Data Conditioning and 
Research Design step, resulted in the following:  
 
 
Figure 3: Dataset Data-Validation Graphic 
 
  
Data validation 
protocol 
extracted 1106 
records 
Final research 
dataset 
contained 5534 
records 
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The initial MS Access dataset contained 6640 records, 
minus six (6) records due to no asbestos fiber airborne concentration sample data 
was associated with the record entries, 
minus two (2) records due to no "Area" or "Personal" sample designator which 
presented an inability to properly classify, 
minus one (1) record due to the sample was identified as "Voided", 
minus 408 records being identified as "Workers", without any corresponding respirator 
data, consequently it was not possible to ascertain if a respirator was used or 
not for the associated sample concentration data, 
minus 143 records identified as "Area Samples" with corresponding respirator 
information which, is conflicting information and due to a lack of supporting 
information indicating either "Area" or "Personal" sample, the records were not 
used, 
minus 347 records that were not affiliated with asbestos abatement projects, they 
represented Facility Hazard Assessments, 
minus 145 records that had no available information to ascertain what type of activity 
was being performed, i.e. OSHA Class I, Class II, Class III or Class IV. 
minus 54 records that had either a "0" or Blank data entry for Fiber Density which 
resulted in a zero Airborne Concentration value and failed the data validation 
test as a credible sample data point. 
equals 5534 records in the final dataset entry count, consisting of  1796 personal 
airborne fibrous asbestos concentration samples were recorded, and 3738 
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area fibrous asbestos concentration samples were recorded with 632 work 
tasks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:  Dataset Area vs. Personal Sample Count Graphic
Area 3738 67.5%
Personal 1796 32.5%
Total
Area vs. Personal Samples
5534 samples representing 632 work tasks
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Figure 5: Dataset OSHA Class I, II, III, IV Designations 
  
Class I 1317 23.8%
Class II 3331 60.2%
Class III 560 10.1%
Class IV 326 5.9%
Total 5534
OSHA Class Assignments
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Figure 6: Dataset SEG Designations 
Asbestos Worker 1750 97.4%
Carpenter 7
Electrician 2
HVAC Mechanic 1
IH Specialist 3
Landfill Operator 10 2.6%
Roads & Grounds Tech 2
Structural Engineer 13
Asbestos  Supervisor 1
Technician 5
Maint. Mechanic 2
Total 1796
SEG Assignments
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 4.2 PERSONAL TWA & EXCURSION EXPOSURES:  
The dataset contained 1796 personal samples for the workers.  The 1796 samples 
were comprised of 1300, 8-hr TWA samples with an OSHA OEL of 0.1 f/cc and; 496, 30-
min TWA Excursion samples with an OSHA OEL of 1 f/cc.  The personal exposures range 
from “no respirator being donned” to a “full-face Powered Air-Purifying Respirator 
(PAPR)” type that offers an Assigned Protection Factor of 1000x, meaning the person 
wearing this type of respirator will be protected to not exceed up to 1000x the respective 
OEL, whether an 8-hr TWA or 30-min TWA Excursion OEL.  In addition to detailed 
respirator usage, personal exposure was captured for each worker.  Adjusting the 
individual exposure data with respect to the respirator that was being donned, it was found 
that:  
a) Exceedances of the 8-hr TWA and 30-min TWA Excursion OELs: 
• 1779 personal samples (~99% of the total personal exposures) out of the 1796 
total were appropriately protected either by the PPE (i.e. respirators), or where 
PPE (i.e. respirators) were not donned. 
• 17 personal samples (<1% of the total personal exposures) out of the 1796 
total exceeded the respective OELs (see Figs 8 & 9): 
o 15 exceeded the 8-hr TWA, 0.1 f/cc OEL for 15 of the "No Respirator" 
sampling events 
o Two (2) exceeded the Assigned Protection Factor for the Half Face APR 
(10x) for the 8-hr TWA OEL (Adjusted OEL = 1 f/cc). 
• There were no exceedances identified for any Excursion OEL sampling events. 
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Figure 7: Respirator Usage Graphic     
 
 
Respirator Type
Assigned Protection 
Factor
Count %
Full Face APR 50x 5 0.3%
Full Face PAPR 1000x 79 4.4%
Half Face APR 10x 1266 70.5%
Half Face SAR 10x 1 0.1%
N/A None 0x 205 11.4%
NEA None 0x 240 13.4%
Total 1796
Respirator Usage
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Figure 8: Excursion Personal, Samples 
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Figure 9: 8-hr TWA, Personal Samples 
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b) 50% or Greater of the OEL Discussion: 
Traditional industrial hygiene practice follows a standard of care practice for 
managing potential exposure situations, that being the probability of exceeding the OEL 
can be held to less than 5% (i.e. 95% confidence that no overexposures will take place) 
if measured exposures are held to ≤ 10% of the respective OEL.  To paraphrase, an 
exposure of 10% or less than the respective OEL would predict that a worker’s “95th 
percentile exposure” would be less than the desired exposure limit.  Continuing with this 
standard of practice and a concept incorporated within the NIOSH/OSHA strategies, AIHA 
SEG and CEN state that exposures ≥ 50% of the desired exposure limit are unacceptable.  
This is the same strategy that is built into the “Action Limit” concept of the OSHA 6B 
standards, that being the Action Limit is 50% of the OEL.101  It is due to this industrial 
hygiene standard practice that the 50% and greater personal exposure data is a “trigger 
point” for likely future over-exposures due to the worker or work task variability (refer to 
Table 1).  The data identified that: 
• 54 personal samples (3% of the total personal exposures) were 50% or greater 
than the respective OEL. 
• 53 of these 54 personal samples were 8-hr TWA, 0.1 f/cc OEL referenced 
samples. 
• One of these 54 personal samples was the 30-min TWA Exceedance, 1 f/cc 
OEL referenced sample.  
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Table 1:  Personal 8-hr, TWA Exposure Samples, Ranked in Quartiles          
< 25% Adj. 
OEL
25 - 50% Adj. 
OEL
50 - 75% Adj. 
OEL
75 - 100% 
Adj. OEL
> 100% 
Adj. OEL
Total 
Count
Adj. OEL 
in  f/cc < 1.25 1.25 - < 2.5 2.5 - < 3.75 3.75 - < 5 ≥ 5
Count 2 0 0 0 0
Quartile 
% 100.0% 0.0% 0.0% 0.0% 0.0%
Total 
Count
Adj. OEL 
in  f/cc < 25 25 - < 50 50 - <75 75 - < 100 ≥ 100
Count 64 0 0 0 0
Quartile 
% 100.0% 0.0% 0.0% 0.0% 0.0%
Comments
2
8-Hr TWA, Full 
Face APR
(Assigned 
Protection 
Factor 50x)
8-Hr TWA, Full 
Face PAPR
(Assigned 
Protection 
Factor 1000x)
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Holistic Perspective:
     1779 (>99%) of the total 1796 personal samples were appropriately protected 
          either by the PPE (i.e. respirators), or for the worktasks where respirators 
          were not donned (e.g. using an NEA), the exposure did not exceed the
          respective OEL (i.e. 8-hr TWA or 30-min Exceedance).
    
    17 (<1%) of the total 1796 personal samples exceeded the OELs:
          15 exceeded the 8-hr TWA, 0.1 f/cc OEL for 15 of the "No Respirator" 
                sampling events.  11 (~73%) of the 15 exceedences were directing work
                practices through the use of a Negative Exposure Assessment (NEA), that
                identified respirators were not required for that respective task.
            2 exceeded the Assigned Protection Factor for the Half Face APR (10x) for the
                   8-hr TWA OEL (Adjusted  OEL  = (0.1 f/cc x 10 = 1 f/cc).
     
     54 (~3%) of the total 1796 personal samples were in the 50% of the OEL
           or more range.
          53 of the 54 samples in the "50% of the OEL or greater " range were 
                     8-hr TWA samples referencing the 0.1 f/cc OEL
            1 of the 54 samples in the "50% of the OEL or greater" range was a 
                     30-min Exceedance sample referencing the 1 f/cc OEL 
     There were no  exceedances identified for any Excursion OEL sampling events.
Assigned Protection Factors for Respirators (OSHA 29 CFR 1920.134)
     Full Face APR, 50x, 
∴
  (0.1 f/cc * 50x = 5 f/cc Adjusted Excursion OEL)
     Full Face PAPR, 1000x 
∴
 (0.1 f/cc * 1000x = 100 f/cc Adjusted Excursion OEL)
     Half Face APR, 10x 
∴
 (0.1 f/cc * 10x = 1 f/cc Adjusted Excursion OEL)
     Half Face SAR (Demand), 
∴
 10x (0.1 f/cc * 10x = 1 f/cc Adjusted Excursion OEL)
     N/A None: No respirator, 
∴
 results > 0.1 f/cc would be considered an over-exposure
     NEA None: No respirator, 
∴
 results > 0.1 f/cc would be considered an over-exposure
Personal TWA Exposure Analysis
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Table 1, continued:  Personal 8-hr, TWA Exposure Samples, Ranked in Quartiles   
< 25% Adj. 
OEL
25 - 50% Adj. 
OEL
50 - 75% Adj. 
OEL
75 - 100% 
Adj. OEL
> 100% 
Adj. OEL
Total 
Count
Adj. OEL 
in  f/cc < 0.25 0.25 - < 0.50 0.50 - <0.75 0.75 - < 1 ≥ 1
Count 883 13 4 2 2
Quartile 
% 97.7% 1.4% 0.4% 0.2% 0.2%
4.6%
< 25% Adj. 
OEL
25 - 50% Adj. 
OEL
50 - 75% Adj. 
OEL
75 - 100% 
Adj. OEL
> 100% 
Adj. OEL
Total 
Count
Adj. OEL 
in  f/cc < 0.25 0.25 - < 0.50 0.50 - <0.75 0.75 - < 1 ≥ 1
Count 0 1 0 0 0
Quartile 
% 0.0% 100.0% 0.0% 0.0% 0.0%
Total 
Count
OEL in  
f/cc < 0.025 0.025 - < 0.050 0.050 - <0.075 0.075 - < 0.1 ≥ 0.1
Count 118 16 5 3 4
Quartile 
% 80.8% 11.0% 3.4% 2.1% 2.7%
Total 
Count
OEL in  
f/cc < 0.025 0.025 - < 0.050 0.050 - <0.075 0.075 - < 0.1 ≥ 0.1
Count 112 38 19 3 11
Quartile 
% 61.2% 20.8% 10.4% 1.6% 6.0%
Total 8-hr TWA 
Samples 1300
1468-Hr TWA N/A None
1838-Hr TWA NEA None
18-Hr TWA Half Face SAR
8-Hr TWA, Half 
Face APR
(Assigned 
Protection 
Factor 10x)
904
Comments for the Half Face APR:
     8 (<1%) of the total 904 personal samples where a half-face APR was donned
           were at least 50% or greater of the adjusted  8-hr TWA OEL range, 1 f/cc
           (Half Face APR Assigned Protection Factor of 10x 
∴
 0.1 f/cc x 10 = 1 f/cc).
    
     2 (~0.2%) of the total 904 personal samples where a half-face APR was
           donned exceeded the adlusted  8-hr TWA OEL range, 1 f/cc
           (Half Face APR Assigned Protection Factor of 10x 
∴
 0.1 f/cc x 10 = 1 f/cc).
Comments for the Half Face SAR:
      No 50% OEL or greater exposures 
Personal TWA Exposure Analysis Comments
Comments for No Respirator Worktasks
     45 (~14%) of the total 329 personal samples where no respirator was donned
           were at least 50% or greater of the 8-hr TWA OEL range, 0.1 f/cc
     15 (~5%) of the total 329 personal samples where no respirator was donned
           exceeded the 8-hr TWA OEL, 0.1 f/cc
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Table 1, continued:  Personal Excursion Exposure Samples, Ranked in Quartiles
< 25% Adj. 
OEL
25 - 50% Adj. 
OEL
50 - 75% Adj. 
OEL
75 - 100% 
Adj. OEL
> 100% 
Adj. OEL
Total 
Count
Adj. OEL 
in  f/cc < 12.5 12.5 - < 25 25 - < 37.5 37.5 - < 50 ≥ 50
Count 3 0 0 0 0
Quartile 
% 100.0% 0.0% 0.0% 0.0% 0.0%
Total CountAdj. OEL in  f/cc < 250 250 - < 500 500 - <750 750 - < 1000 ≥ 1000
Count 15 0 0 0 0
Quartile 
% 100.0% 0.0% 0.0% 0.0% 0.0%
Total CountAdj. OEL in  f/cc < 2.5 2.5 - < 5 5 - <7.5 7.5 - < 10 ≥ 10
Count 362 0 0 0 0
Quartile 
% 100.0% 0.0% 0.0% 0.0% 0.0%
Total Count OEL in  f/cc < 0.25 0.25 - < 0.50 0.50 - <0.75 0.75 - < 1 ≥ 1
Count 59 0 0 0 0
Quartile 
% 100.0% 0.0% 0.0% 0.0% 0.0%
Total Count OEL in  f/cc < 0.25 0.25 - < 0.50 0.50 - <0.75 0.75 - < 1 ≥ 1
Count 56 0 0 1 0
Quartile 
% 98.2% 0.0% 0.0% 1.8% 0.0%
Total Excursion 
Samples
496
Grand Total for 
all Personal 
Samples
1796
Excursion Full 
Face PAPR
(Assigned 
Protection 
Factor 1000x)
3
Excursion, Full 
Face APR
(Assigned 
Protection 
Factor 50x)
Personal Excursion Exposure 
Analysis
57Excursion NEA None
59Excursion N/A 
None
Excursion Half 
Face APR
(Assigned 
Protection 
Factor 10x)
362
15
Comments
Comments for Personal  Excursion Samples:
     100% of the total 496 personal samples were appropriately protected 
          either by the PPE (i.e. respirators), or for the worktasks where respirators 
          were not donned (e.g. using an NEA), the exposure did not exceed the
          respective OEL (i.e. 30-min Exceedance).
     1 (~0.2%) of the total 496 personal samples were in the 50% of the OEL
           or more range.
Assigned Protection Factors for Respirators (OSHA 29 CFR 1920.134)
     Full Face APR, 50x, 
∴
  (1 f/cc * 50x = 50 f/cc Adjusted Excursion OEL)
     Full Face PAPR, 1000x 
∴
 (1 f/cc * 1000x = 1000 f/cc Adjusted Excursion OEL)
     Half Face APR, 10x 
∴
 (1 f/cc * 10x = 10 f/cc Adjusted Excursion OEL)
     N/A None: No respirator, Any sample > 1 f/cc would be considered an 
              over-exposure
     NEA None: No respirator, Any sample > 1 f/cc would be considered an
              over-exposure
 54 
c) Outside of Containment, Area Sample Concentration Data: 
The dataset contained a total of 3726 area samples comprised of 2311 inside 
containment area samples and 1415 outside containment outside samples.  The outside 
samples were the focus of this research because these specific airborne fiber concentration 
events could potentially be presented to adjacent, non-asbestos worker personnel directly 
outside of the containment structure.  Of the 1415 outside containment samples, 1355 
samples (~96% of the outside containment area sample population) were in the less than 
25% of the OEL and eight (<1%) of the outside containment area sample population 
exceeded the 8-hr TWA, 0.1 f/cc OEL as presented in Figure 10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Outside Containment Area, Samples Ranked in Quartiles 
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Figure 10, continued: Outside Containment Area, Samples Ranked in Quartiles 
 
  
0-25% OEL 25-50% OEL 50-75% OEL 75-100% OEL ≥ 100% OEL
< 0.025 f/cc 0.025 - < 0.05 f/cc 0.05 - < 0.075 f/cc 0.075 - < 0.1 f/cc ≥ 0.1 f/cc
Count 405 6 1 5 4
Quartile % 96.2% 1.4% 0.2% 1.2% 1.0%
Count 800 26 4 0 3
Quartile % 96.0% 3.1% 0.5% 0.0% 0.4%
Count 100 2 0 0 1
Quartile % 97.1% 1.9% 0.0% 0.0% 1.0%
Count 50 8 0 0 0
Quartile % 86.2% 13.8% 0.0% 0.0% 0.0%
Count 1355 42 5 5 8
Quartile % 95.8% 3.0% 0.4% 0.4% 0.6%
Totals 1415
Holistic Perspective:
     The dataset consisted of 1415 outside containment area samples representing 632 work tasks
     8  (~0.6%) of the 1450 area samples exceeded the OSHA 8hr TWA OEL, 0.1 f/cc 
     Based on these 8 over exposure opportunities, if a non-asbestos worker was outside of the containment structure,
         there would be a calculated potential of 0.2 to 0.4-in-a-million increase risk.  
Total 
Count
Sample Concentration in f/cc, by Quartiles
Class IV
Class III
Class II
Class I 421
833
103
58
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The eight exceedances represent seven (7) discrete work tasks (i.e. one work task captured two area samples).  A 
larger perspective graphic, including statistical parameters are shown in Figure 11 & Table 2.  
 
 
 
 
 
 
 
 
Figure 11: Outside Containment Area, Samples Depicting OEL Exceedances Graphic 
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Table 2: Summary Descriptive Statistics for Outside Containment Area Sample Exceedances 
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Table 3:  Outside Containment Area Sample Exceedances Detailed Explanation
The eight 
exceedances 
took place within 
seven worktasks
OSHA 
Class
If the data was "paired" 
with inside samples, a 
CPF was calculated 
using the sample 
average value
# of Samples 
in the sample 
set that were
≥ 0.1 f/cc
Total number of 
samples taken as 
area, outside the 
containment 
structure samples
Ave of the 
samples (NOTE: 
this ave. was 
used to calculate 
the CPF)
Comment regarding the exceedance
2 Class I 1.5 1 13 0.06341
Even though the average of the 13 samples was used to 
calculate the CPF efficacy; one of the 13 samples (e.g. 
0.11873) was >0.1 f/cc 
∴
 this individual sample is 
identified as an exceedance for the time period 
represented by the sample
3 Class I 0.1 1 8 0.06341
Even though the average of the eight samples was used 
to calculate the CPF efficacy; one of the eight samples 
(e.g. 0.10402) was >0.1 f/cc 
∴
 this individual sample is 
identified as an exceedance for the time period 
represented by the sample
4 Class II 0.3 1 23 0.01357
Even though the average of the 23 samples was used to 
calculate the CPF efficacy; one of the 23 samples (e.g. 
0.16620) was >0.1 f/cc 
∴
 this individual sample is 
identified as an exceedance for the time period 
represented by the sample
5 Class II No CPF could be calculated 1 1 0.16599
One sample was taken and it was >0.1 f/cc  this 
individual sample is identified as an exceedance for the 
time period represented by the sample
6 Class II No CPF could be calculated 1 4 0.03279
Even though the average of the four samples was used 
to calculate the CPF efficacy; one of the four samples 
(e.g. 0.10162) was >0.1 f/cc 
∴
 this individual sample is 
identified as an exceedance for the time period 
represented by the sample
7 Class III No CPF could be calculated 1 2 0.06627
Even though the average of the two samples was used to 
calculate the CPF efficacy; one of the two samples (e.g. 
0.13066) was >0.1 f/cc 
∴
 this individual sample is 
identified as an exceedance for the time period 
represented by the sample
2 9 0.06772
Even though the average of the nine samples was used 
to calculate the CPF efficacy; two of the nine samples 
(e.g. 0.22408 & 0.25363) were >0.1 f/cc 
∴
 these 2 
individual samples are identified as an exceedance for 
the time period represented by the samples
1 Class I 0.6
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d) Analytical Data: 
Analytically, phase contrast microscopy (PCM) was the primary method used for 
the determination of airborne asbestos concentrations.  Some limitations of the PCM 
method are it does not differentiate between asbestos and other fibers, or detect thin or 
small fibers.  Regulatory agencies, though, use PCM because much of the 
epidemiological studies have correlated health effects to PCM fiber counts.  Additionally, 
the OSHA PEL is based upon a method that uses PCM to manually count the number of 
fibers that are greater than 5 micrometers (um) in length and with an aspect ratio of at 
least 3:1 (length to width) collected on cellulose ester filter media.102  
Transmission Electron Microscopy (TEM) is another analytical technique that is 
used for further discrimination of fibers and supplements the PCM analysis when high 
concentrations of asbestos fibers are found.  The TEM will identify asbestos fibers from 
non-asbestos fibers.  The challenge though is that PCM and TEM results do not correlate 
well.  There really isn’t an applicable conversion factor that exists between the two 
measurement technique.  Finally, recall that the epidemiological data correlate to the 
PCM data and that is why OSHA believes that PCM provides the best available index of 
exposure that can be used to assess health risks to workers.103   
Refer to Figure 12 for sample analytical details.  
 
 
 
 
 60  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: TEM vs. PCM Method with OSHA Class I, II, III, IV Ranking 
 
 
 
 
 
Class I Class II Class III Class IV Totals
PCM 1307 3325 560 326 5518
Area 1128 2074 323 208 3733
Personal 179 1251 237 118 1785
TEM 10 6 0 0 16
Area 0 5 0 0 5
Personal 10 1 0 0 11
Totals 1317 3331 560 326 5534
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e) Containment Protection Factor (CPF): 
Four hundred and twenty-five work tasks out of the 632 total work tasks, utilized 
an asbestos abatement containment method of engineering control.  One-hundred and 
eighty-one of these work tasks shared “paired” inside and outside sample sets, which 
allowed a Containment Protection Factor (CPF) to be calculated to assess performance 
for the containment structure.  The containment followed the EPA Model, which sealed 
all air ducts, holes, windows and other openings using duct tape and a two-sheet poly 
baffle.  After sealing the rooms, negative air ventilation would have been established 
inside the containment, pre-removal asbestos levels are determined; personnel and area 
samples are taken both inside and outside the containment. 
The fiber concentration measured by the area samples outside of the abatement 
containment varied greatly in relation to the inside containment samples (see Fig 16).  
One of the limitations of this data assessment are that any activities taking place in the 
space outside the containment was not identified in the dataset.   It is recognized, that in 
many situations concurrent non-asbestos demolition and/or construction activities occur 
outside of the containment structure and in adjacent spaces to the abatement activities.  
A Containment Protection Factor (CPF) was calculated by dividing the average inside 
asbestos airborne concentration by the average outside containment asbestos airborne 
concentration (i.e. (Inside/Outside) = CPFEfficiency).  Many of the projects had multiple samples 
taken for each respective location, i.e. outside and inside the containment structure 
throughout the project.  Due to these multiple samples, an average of the samples was 
calculated and used in the CPF derivation.  A CPF value of one (1) indicates the 
containment performance was neither protective or non-protective.  A greater than one 
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Area sample 
segments 
contained 3726 
area records 
representing 
632 discrete 
work tasks 
(>1) CPF indicates a positive protection factor, that being the containment performance 
had a higher airborne fiber concentration inside vs. outside.  Finally, a less than one (<1) 
CPF would indicate a non-protective or negative protection factor indicating that the 
airborne asbestos fiber concentrations were greater on the outside of the containment 
structure than the inside.  As stated previously, any conclusions as to why the outside 
containment airborne asbestos concentrations were higher than the inside concentrations 
would be speculative due to the lack of data.  Figure 13 outlines the process to identify 
work tasks that had paired inside/outside area airborne fibrous asbestos concentration 
samples.  Figures 14 & 15 graphically depict the “paired samples” strategy and OSHA 
Class I. II, III, & IV fidelity. 
  
 
 
 
 
 
 
 
 
 
 
Figure 13: Containment Paired Sample Set Derivation Graphic 
Data validation & 
identification of 
“paired, inside & 
outside” sample 
sets 
Final “Paired, Area 
Containment 
Structure” sample 
sets representing 
181 work tasks 
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The initial area sample set contained 3726 area samples supporting 632 Tasks: 
minus    208 task records due to the lack of "Inside the Containment" sample data, 
minus     241 task records due to the lack of "Outside the Containment" sample data, 
resulting 183 Tasks that had "Paired Inside & Outside the Containment" sample data 
sets, 
minus       1 task record that had duplicate task data, 
minus      1 task record that had sample data greater than 3-sigma from the mean, 
therefore classified as an "outlier", 
equals 181 task records that met the "Paired Inside & Outside" sample quality 
validation criteria, which were consequently used to calculate a 
Containment Protection Factor (CPF) measure of performance for the 
abatement structure. 
  
 64  
            
 
 
 
 
 
 
 
 
 
Figure 14: CPF Sample Set Graphic 
 
 
Inside 2311 62.0%
Outside 1415 38.0%
Total 3726
Area Sample 
 65  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15: CPF by OSHA Class I, II, III, IV Ranking 
CPF 
>1
CPF ≤ 
1
# of 
Worktask
s
Rate of effective 
containment (i.e. % 
that had a protective 
Class I 19 25 44 43%
Class II 60 50 110 55%
Class III 11 6 17 65%
Class IV 4 6 10 40%
All OSHA 
Classes 94 87 181 52%
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Figure 16: CPF Efficacy by OSHA Class I, II, III, IV Ranking 
Mean 1.06
Standard Error 1.07
Median 1.04
Standard Deviation 2.53
Sample Variance 2.36
Kurtosis 2.93
Skewness 1.00
Minimum 0.06
Maximum 19.25
Count 181
Confidence Level 
(95.0%) 1.15
% CPF ≥ 1
(i.e. Protective 
Containment 
Performance)
53%
% CPF < 1
(i.e. Not-Protective 
Containment 
Performance)
47%
CPF Descriptive  Statistics for 
the 181 Containment Structure 
"Paired" Area Samples Used to 
Calculate the CPF
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Total Count   Demonstrated Containment Efficacy 
< 1 ≥ 1 
Class I 44 Count 24 20 
% 54.5% 45.5% 
Class II 110 Count 49 61 
% 44.5% 55.5% 
Class III 17 Count 6 11 
% 35.3% 64.7% 
Class IV 10 Count 6 4 
% 60.0% 40.0% 
Totals 181 
Count 85 96 
Quartile % 47.0% 53.0% 
NOTES: 
 
3726 Total Area Sample records are associated  with: 
    634 discrete work tasks 
        subtracting 208 records due to not having and "Inside Sample Value" data 
        subtracting 241 records due to not having and "Outside Sample Value" data, resulting in: 
 = 183 Task records that had corresponding "Inside & Outside", Area Sample Values 
        subtracting one Task record where the calculated CPF was identified as a questionable outlier 
        subtracting one Task record that was a duplicate task 
= 181 Task records that had corresponding "Inside & Outside", Area Sample Values in the Final Area CPF Dataset 
 
Figure 16, continued: CPF Efficacy by OSHA Class I, II, III, IV Ranking 
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f) Statistical Assessment: 
Both the area and personal samples collectively were lognormal distributed and required 
transforming and back transforming to fit the statistical models.  Additionally, the uncertainty and 
variability seen in the area sample concentrations relative to a potential predictor covariate, such 
as the OSHA Class work task identified that these variables are independent of each other (Chi-
Square Test X2=4.045; p=0.257).  The Bottom Line is that a planned work task (i.e. OSHA Class 
I, II, III, or IV) will not convey any predictor information to ascertain if there will be a potential 
health risk for an area exposure above the respective OEL.  An element of the statistical 
evaluation was to segment the airborne asbestos fiber concentration samples into the following 
categories due to their relevance in supporting this research:  
• “Personal” samples collected for evaluation to the OSHA 8-hr TWA, 0.1 f/cc OEL, 
• “Personal” samples collected for evaluation to the OSHA 30-min TWA Excursion, 1 f/cc 
OEL, 
• Total “Area” sample population (both inside and outside of the containment structure), 
• Outside the containment structure, “Area” samples which would be an indicator for 
potential airborne asbestos fiber exposure above the 0.1 f/cc OEL to non-asbestos 
workers residing in that outside containment space. 
The data was log-normally distributed and was log transformed to manage the right-hand 
skewed data, which allowed a decrease in the variability of data and making the data conform 
more closely to the near normal distribution.  This approach allowed the use of the normal 
distribution properties and analysis properties, which are very desirable.   The data are 
represented in Figures 19–22, following the summary presentations in Figures 17 & 18.
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Figure 17: Summary Descriptive Statistics for Personal and Area Sample Sets 
Descriptive Statistics for Personal: 8-hr TWA & 
Excursion Sample Sets
Personal 8-hr TWA Sample 
Values
Personal Excursion Sample 
Values
Mean (Note:  if a normal distribution, mean ≈ 
median) 0.019127734 0.040726113
Median  (Note: if a normal distribution, median ≈ me 0.018703851 0.039516129
Standard Error 1.033351381 1.044973309
Mode 0.013066667 0.019758065
Standard Deviation 3.26377201 2.663746894
Sample Variance 4.052012109 2.611378384
Kurtosis 2.920686008 39.45680774
Skew 1.086883234 1.553693184
Range 46821.30781 7950
Minimum 5.67497E-05 0.00065073
Maximum 2.657097289 5.173306773
Count 1300 496
Confidence Level(95.0%) 1.066477403 1.090278081
Is the Skew Significant ? No, Approximately Symmetrical No, Approximately Symmetrical
Descriptive Statistics for Area Sample Sets Total Area Sample Values Area Outside Containment Sample Values
Mean (Note:  if a normal distribution, mean ≈ 
median) 0.004056837 0.004377552
Median  (Note: if a normal distribution, median ≈ me 0.004154315 0.004408128
Standard Error 1.017577583 1.02826579
Mode 0.003266667 0.003148594
Standard Deviation 2.901834811 2.865026573
Sample Variance 3.111037272 3.028052449
Kurtosis 3.04308754 2.176311201
Skew 1.210768592 1.134701924
Range 26242.36911 2227.302105
Minimum 2.73352E-05 0.000113874
Maximum 0.717340611 0.253631892
Count 3738 1426
Confidence Level (95.0%) 1.034753476 1.056200314
Is the Skew Significant ? No, Approximately Symmetrical No, Approximately Symmetrical
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A weak-positive correlation can be made regarding that an increase in the inside containment area sample airborne 
asbestos fiber concentrations correlated with a higher Containment Protection Factor (CPF), see Figure 18. 
 
 
 
 
 
 
 
 
 
 
Figure 18: Average, Inside Containment Area Sample vs. CPF Graphic
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Figure 19: Descriptive Statistics for Personal, 8-hr TWA Samples    
Backtransformed Values
Mean (Note:  if a normal distribution, mean ≈ median) -3.956615981 0.019127734
Median  (Note: if a normal distribution, median ≈ mean ) -3.979025843 0.018703851
Standard Error 0.032807288 1.033351381
Mode -4.337690821 0.013066667
Standard Deviation 1.182883585 3.26377201
Sample Variance 1.399213575 4.052012109
Kurtosis (indicates if the data "tails" off too quickly or slowl)., a 
kurtosis value between -2 and 2 would be consistent with a 
normally distributed dataset).
1.071818523 2.920686008
Skew (zero for a perfectly symmetrical dataset; a skew value 
between -2 and 2 would be consistent with a normally 
distributed dataset).
0.083314182 1.086883234
Range 10.75409367 46821.30781
Minimum -9.776859391 5.67497E-05
Maximum 0.977234282 2.657097289
Sum
Count 1300 1300
Confidence Level(95.0%) 0.064361071 1.066477403
Is the Skew Significant ? No, Approximately Symmetrical No, Approximately Symmetrical
Personal 8-hr TWA Samples LN Transformed Data Descriptive Statistics
Sum is Not a Relevant Statistic for this Analysis
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Figure 20: Descriptive Statistics for Personal, Excursion Samples  
Backtransformed Values
Mean (Note:  if a normal distribution, mean ≈ median) -3.200885785 0.040726113
Median  (Note: if a normal distribution, median ≈ mean ) -3.23104636 0.039516129
Standard Error 0.043991344 1.044973309
Mode -3.924193541 0.019758065
Standard Deviation 0.979733739 2.663746894
Sample Variance 0.959878199 2.611378384
Kurtosis (indicates if the data "tails" off too quickly or slowl)., a 
kurtosis value between -2 and 2 would be consistent with a 
normally distributed dataset).
3.675206599 39.45680774
Skew (zero for a perfectly symmetrical dataset; a skew value 
between -2 and 2 would be consistent with a normally 
distributed dataset).
0.440634796 1.553693184
Range 8.980927208 7950
Minimum -7.337415116 0.00065073
Maximum 1.643512092 5.173306773
Sum
Count 496 496
Confidence Level(95.0%) 0.086432784 1.090278081
Is the Skew Significant ? No, Approximately Symmetrical No, Approximately Symmetrical
Personal Excursion Samples LN Transformed Data Descriptive Statistics
Sum is Not a Relevant Statistic for this Analysis
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Figure 21: Descriptive Statistics for Total Area Sample Population     
Backtransformed Values
Mean (Note:  if a normal distribution, mean ≈ median) -5.507351744 0.004056837
Median  (Note: if a normal distribution, median ≈ mean ) -5.483607643 0.004154315
Standard Error 0.017424884 1.017577583
Mode -5.723985182 0.003266667
Standard Deviation 1.06534323 2.901834811
Sample Variance 1.134956199 3.111037272
Kurtosis 1.112872638 3.04308754
Skew 0.191255358 1.210768592
Range 10.17513053 26242.36911
Minimum -10.50733503 2.73352E-05
Maximum -0.332204501 0.717340611
Sum
Count 3738 3738
Confidence Level (95.0%) 0.034163211 1.034753476
Is the Skew Significant ? No, Approximately Symmetrical No, Approximately Symmetrical
Total Area Sample Population LN Transformed Data Descriptive Statistics
Sum is Not a Relevant Statistic for this Analysis
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Figure 22: Descriptive Statistics for Area Samples Taken Outside of the Containment 
Structure     
Backtransformed Values
Mean (Note:  if a normal distribution, mean ≈ median) -5.431265539 0.004377552
Median  (Note: if a normal distribution, median ≈ mean ) -5.424305159 0.004408128
Standard Error 0.027873684 1.02826579
Mode -5.760799155 0.003148594
Standard Deviation 1.052577625 2.865026573
Sample Variance 1.107919657 3.028052449
Kurtosis 0.777631334 2.176311201
Skew 0.126369995 1.134701924
Range 7.708546314 2227.302105
Minimum -9.080417621 0.000113874
Maximum -1.371871307 0.253631892
Sum
Count 1426 1426
Confidence Level (95.0%) 0.054677858 1.056200314
Is the Skew Significant ? No, Approximately Symmetrical No, Approximately Symmetrical
Area Outside Containment Samples LN Transformed Data Descriptive Statistics
Sum is Not a Relevant Statistic for this Analysis
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g) Non-Asbestos Worker Exposures & Excess Risk: 
Occupationally, over-exposures are never desired and mitigation efforts, whether using 
substitution, engineering controls, administrative methods or personal protective equipment 
(PPE) are process modifications used to manage the potential overexposure challenges.  In 
the non-occupational environment, such as being a non-asbestos individual working outside 
of an abatement structure, one is not expecting to involuntarily be exposed to a harmful 
contaminate.  Out of 1415 total area, outside containment structure samples, only eight 
(~0.6%) of these samples were above the OSHA 8-hr TWA, 0.1 f/cc OEL.  Although these 
eight samples (~0.6%) are a small representative of the 1415 total sample population, events 
such as these promote anxiety and an assessment of the long-term health risks from these 
potential acute exposures helps the impacted person understanding of the exposure event 
better.   Academically, reasonable assumptions can be made, but practically cannot be 
validated.  An example would be the credibility of extrapolating observed risk from high 
exposure events to estimates of individual low dose, acute exposures with the understanding 
that the current regulating authorities state that asbestos does not have a threshold for 
causation of cancer, referred to as the linear, non-threshold model.  In reality, the dataset did 
not contain any information that a non-asbestos worker was nearby or if there were any 
concerns of potential exposures during the timespan represented by these eight samples.  
Additionally, if such a concern was raised, it would be impossible to know the exposure level 
of that person as this sample data is representative of an area and not a personal exposure.  
However, it is still possible to estimate the relative excess cancer risk a person would have 
been presented with if they did find themselves in one of the eight exposure situations. 
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A model that was proposed in late 1980 by Sir Richard Doll and his colleague Sir 
Richard Peto is used in the USA to predict risk of lung cancer from asbestos exposure.104  
Their model followed the linear non-threshold concepts, which implies that any asbestos 
exposure, no matter how small or brief will result in in some increase in risk.105  The model’s 
design follows the following mathematical concept:  
• Relative Risk = O/E which equals: [1 + (b) x (cumulative exposure)] 
where:  O represents the number of cases observed 
E represents the number of cases expected in the absence of the 
exposure 
b = a constant representing the cumulative exposure in fibers per (ml 
years). 
For this discussion, the range for the eight area, outside containment samples that were 
in excess of the 8-hr TWA OEL of 0.1 f/cc was  0.10162 - 0.25363 f/cc as depicted in Table 3.  
For the purposes of calculating the worse-case exposure risk, the highest area sample 
concentration value of the eight exceedances, 0.25363 f/cc was used.  Additionally, one 8-hr 
day was used as the exposure timeframe based upon personal knowledge that an individual 
will typically be relocated within the same day if they are concerned with their personal 
exposure.   
Using the Doll and Peto model, the following construct represents a person that was 
acutely exposed in their workspace and inhaled an asbestos concentration of 0.25 f/cc 
concentration for a single, 8-hr day.  The cumulative exposure would be: 
 (O)bservedModeled = 1 day exposure & (E)xpected = 365 days 
1. (1 day/365 day) x (0.25 fibers/ml) = 0.00068 fibers/(ml year)  
 77  
Note: 1 cc ≈ 1 ml, the conversion was made to allow use of the model  
2. “b” is a constant and assumed to be 0.0006 as proposed by Hughes based on 
research of a population exposed to non-textile chrysotile asbestos.106  The Doll 
and Peto model used a “b” value of 0.01, which was based upon mixed fiber 
cohorts from the textile industry.107, 108 
3. Therefore: Observed/Expected  = [1 + (b) x (cumulative exposure)] 
= [1 + (0.0006 * 0.00068)] 
= 1.0000004 
4. This resultant can be stated as 0.4-in-a-million increase in excess cancer risk.  
In actuality, this calculation could be considered as nonsensical considering 
the inherent uncertainty in risk assessment models/calculations, transport 
and fate assumptions.  This approach does though, via quantitative 
methodology, point out that an exposure to a 0.4-in-a-million increase in risk 
for developing cancer really does not change the overall chances of 
developing cancer if a potential acute exposure did take place. 
Table 4 presents the excess risk for the eight overexposure events. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4: Calculated Potential Excess Cancer Risk from Overexposure 
Count
Sample 
Concentration
Calculated Cumulative 
Exposure in
fibers/(ml year)
Computed Relative Risk Risk Statement
1 0.166206738 0.000455361 1.0000003 0.3-in-a-million increase in risk
2 0.130666667 0.000357991 1.0000002 0.2-in-a-million increase in risk
3 0.224080958 0.00061392 1.0000004 0.4-in-a-million increase in risk
4 0.253631892 0.000694882 1.0000004 0.4-in-a-million increase in risk
5 0.118738733 0.000325312 1.0000002 0.2-in-a-million increase in risk
6 0.16598916 0.000454765 1.0000003 0.3-in-a-million increase in risk
7 0.104020979 0.000284989 1.0000002 0.2-in-a-million increase in risk
8 0.10162963 0.000278437 1.0000002 0.2-in-a-million increase in risk
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CHAPTER FIVE: DISCUSSION 
 
5.1 Comparative Analysis:  
Early asbestos regulatory efforts focused on designing processes that would be 
the “best” mitigations to manage any potential risk for generating airborne asbestos fibers 
during abatement activities.  But containment performance and exposure information 
regarding many of the asbestos abatement processes, whether by the trades, tribal 
knowledge or regulatory mandates, was missing which, generated public concern for 
personal health.  It was clear that technical and data-centric guidance was needed.  One 
of the initial, large asbestos abatement efficacy studies was performed in 1984 by 
researchers from the Division of Physical Sciences and Engineering within the National 
Institute for Occupational Safety and Health (NIOSH).109  A major recommendation from 
the study was to obtain data identifying the efficacy of asbestos contamination control 
techniques.  The USEPA also needed current asbestos abatement efficacy information 
to develop and recommend a glove bag removal technology.  Together, NIOSH and the 
USEPA joined to study the control of asbestos emissions from pipe lagging removal in 
June and July of 1985.110  Since the 1984 NIOSH Division of Physical Sciences and 
Engineering pilot study, there have been limited numbers of additional reviews and 
studies performed by government and research bodies to assess both process and 
containment efficacy for the differing asbestos abatement work tasks.111, 112, 113, 114, 115, 
116, 117,  
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The NIOSH study concluded that the glove bag containment did not completely 
contain the asbestos being removed.118  Additionally, in three of the four facilities in the 
study, workers were exposed to airborne asbestos above the OSHA PEL119 (Note, the 
OSHA 8-hr TWA PEL for the 1985 study was 2 f/cc, with a ceiling concentration of 10.0 
f/cc and a provision for medical monitoring for workers routinely exposed to fiber 
concentrations in excess of 0.1 f/cc).  In summary, the study concluded: “It is prudent to 
assume that the use of glove bags results in unpredictable exposure levels that may 
present an exposure hazard to workers and contamination of the work site.”120  
5.2 Conclusion: 
a) Containment Protection Factor (CPF): 
Containment structures are an accepted engineering control in the asbestos 
abatement trade as well as the regulatory process for reducing and managing airborne 
asbestos fiber concentrations during the abatement of asbestos containing materials.  As 
reviewed in this dataset, the asbestos abatement containment structures indicated a 
protective-positive performance (i.e. Containment Protection Factor; CFP > 1) of 53% and 
a non-protective CPF performance (i.e. CPF ≤ 1) of 47%.   The 181 containment 
structures identified performance ranges between a non-protective 0.06x to a protective 
19.25x performance factor.  Despite this wide range of containment performance, all of 
the area samples, as taken from the outside of the containment structures and averaged 
for the work task, were below the 0.1 f/cc OSHA 8-hr TWA PEL.  A conclusion would be 
that even with the containment performance variability, the overall abatement process 
was effective in mitigation of asbestos fibers not to exceed the OSHA 8-hr TWA 0.1 f/cc 
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OEL outside of the containment structure.  Figure 16 graphically displays the containment 
efficacy. 
The vast majority of work tasks had multiple area samples for both the inside and 
outside containment space taken throughout the abatement project. The average value 
of these multiple sample results was calculated and that value consequently used for the 
eventual CPF calculation.  A minor notation is out of the 1451 outside containment area 
samples, the data identified that only eight (~0.6%) individual area samples were over the 
OSHA 8-hr TWA 0.1 f/cc OEL.  These eight samples represented seven (7) work tasks 
(one of the tasks captured two of the eight samples thereby resulting in seven discrete 
work tasks).  Refer to Figures 10 and 11.  Using the Doll and Peto methodology, the eight 
sample exceedances did not show a credible increase in the lifetime risk for lung cancer 
for any potential exposure/dose events if personnel were outside of the containment 
structure during those timeframes the area sample represents.  The weight of evidence 
supporting this author’s conclusion that there was no notable increase in health risks for 
non-asbestos worker personnel located outside of the abatement containment structures 
during asbestos removal activities is based upon: 
1) the understanding of the asbestos abatement process, use of engineering 
controls such as the use of abatement structures, negative air and well-designed work 
practices such as wet-methods all work collectively to effectively limit any airborne 
asbestos fibers from migrating outside of the containment structure, and 
2) the quantitative risk assessment, supports a conclusion that there was no 
credible increase in health risk to any personnel adjacent to or nearby the containment 
structure while asbestos abatement activities were commencing inside the containment. 
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b) Personal, Sample Exceedances: 
The personal sample data identified that 1779 of the personal samples (>99%) of 
the total 1796 personal samples identified that the worker was appropriately protected; 
either by the PPE (i.e. respirators) they had donned, or for the work tasks where 
respirators were not donned (e.g. using an NEA process), the exposure did not exceed 
the respective OSHA 8-hr TWA, 0.1 f/cc or 30-min TWA Exceedance, 1 f/cc. 
A limited number of personal samples, only seventeen (<1%) of the total 1796 
worker samples did exceed either the OSHA 8-hr TWA, 0 or 30-min TWA Exceedance 
OEL.   
• Fifteen of the 17 samples exceeded the 8-hr TWA, 0.1 f/cc OEL.  A correlation 
worth noting is these 15 samples were associated with "No Respirator Required" 
work tasks.  Eleven of these of the 15 exceedances were using work practices 
described in a Negative Exposure Assessment (NEA), that identified respirators 
were not needed for that respective task.  (See Table 1). 
• Two of the 17 samples exceeded the Assigned Protection Factor for the Half 
Face APR (10x) for the 8-hr TWA OEL (Adjusted OEL = (0.1 f/cc x 10 = 1 f/cc). 
Following the AIHA recommended statistical interpretation standard of practice if the 
exposure is ≤ 10% of the OEL, one could have confidence that 95% of the time there 
would not be any overexposures,121 this author views 50% or greater exposure potentials 
as notable.  Fifty-four (~3%) of the total 1796 personal samples were in the 50% of the 
OEL or greater range. 
• Fifty-three of the 54 samples were in the "50% of the OEL or greater" range for 
an 8-hr TWA samples referencing the 0.1 f/cc OEL. 
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• One of the 54 samples was in the "50% of the OEL or greater" range for a 30-
min TWA Exceedance sample referencing the 1 f/cc OEL. 
• There were no exceedances identified for any Excursion OEL sampling events.  
Over-exposures were at the highest with the work tasks where no respirators were 
donned.  While this observation does not have any bearing on the efficacy of the 
containment structure, it is worth noting that ultimately PPE, that being respirators, were  
the “last line of protection”.   
c) Can a Predictive Model be Compiled ? 
Based on a review of this dataset and an analysis of the data characteristics using 
multivariate regression analysis tools (e.g. Excel®, Tableau® and Wizard®), the elements 
of an abatement activity such as OSHA Class, SEGs, sample results, PPE usage, etc. 
are independent of each other with no statistically valid correlations.  No predictability 
model could be developed.   
d) Limitations: 
There are a number of limitations in this review, such as incomplete information 
regarding the activities being performed outside of the containment structure (e.g. 
construction activities that would potentially influence the samples) and how extensive 
were the backup processes such as negative air, wet-methods, barriers, etc.).  Another 
limitation is that no data regarding facility responses to sample results is available, such 
as were there any mitigations or event-response actions taken for the limited 
overexposure personal sample results. 
 83  
e) Closing Comments: 
The original focus for this assessment was to identify the efficacy of asbestos 
abatement containment structures and if their performance placed any increased health 
risks to personnel that were outside of that containment.  While the findings suggest there 
is performance variability in the containment structures, however the data clearly 
established that there were no area, outside containment sample sets (averaged data) 
that exceeded the 8-hr TWA OEL, 0.1 f/cc.  The abatement process used is effective and 
protective to the non-asbestos personnel outside of the abatement work area.   It can also 
be concluded that the abatement process of containment structures, negative air, work 
methods (e.g. wet methods) and Personal Protective Equipment (PPE) have provided a 
protective environment for both workers and non-asbestos personnel outside of the 
containment structures.   
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APPENDIX A: DATA-QUALITY VALIDATION PROTOCOL  
The following data fields needed to be populated with understandable and credible information to meet the data quality criteria.  If the 
data met the criteria identified in the “Short Description …”, it was included in the research dataset. 
Database Name Asbestos Air Data Management (AADM) 
Data Field 
Names Short Description of the Data Field's Intent 
SEG 
Narrative describing the teammate(s) that have similar exposure profiles per AIHAs Risk Assessment Strategy 
and Similar Exposure Grouping concept.  If the asbestos airborne fiber concentration value was generated from 
an area sample for an abatement activity, the SEG value is labeled as “Area”. 
Job Category 
A general classification of the why the asbestos activity was performed; this field was used to define if the 
     asbestos airborne fiber concentration value was generated from an abatement activity or non-abatement 
     activity.  Non-abatement activity data was extracted from the research dataset. 
 
NOTE: The following field values as documented in the dataset’s "Reasons" field have been extracted from this 
dataset, per dissuasion with the Data Manager because they were not affiliated with abatement efforts, but were 
designed as a Facility Health Hazard Assessment and consequently were considered "Out of Scope" for this 
research: 
 
     1) CAMP (Continuous Air Monitoring Program); 2) Facility/Structures Group; 3) Fire Incident/Investigation 
     4) Flame Trench Flame Trench Brick Evaluations (Class III); 5) Health Hazard Assessment 
     6) HVAC Maintenance Group; 7) IH/ESAM Asbestos Air Monitoring; 8) Janitorial Support Services 
     9) Support Service Group; 10) LMIT Misc Air Sampling; 11) Low Voltage Electricians & Alarm Technicians 
   12) Stennis Space Center; Hurricane Recovery Support; 13) Water Waste & Plumbing Group  
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APPENDIX A (CONT.): DATA-QUALITY VALIDATION PROTOCOL 
Database Name Asbestos Air Data Management (AADM) 
Data Field Names Short Description of the Data Field's Intent 
Sample 
Data_SampDesc 
Narrative discussing the details about the sampling event.  This field was used in conjunction with the “Job 
Category” field to determine if the asbestos airborne fiber concentration value was generated from an 
abatement activity or non-abatement activity.  Non-abatement activity data was extracted from the research 
dataset as it was “Out Of Scope”.  
 
NOTE: The following algorithm was used to interpret if the asbestos airborne fiber concentration value was 
generated inside the asbestos abatement containment or outside of it.  Data that could not be resolved either 
into an “inside” or “outside” bucket were considered "Out of Scope" for this research due to the lack of 
integrity.  If the description contained:  
• outside; exterior; load out; bound; perimeter or negative -> the data was identified as being taken 
outside of the containment. 
• vacuum; using heat; remove; bag; full period; pick; clean; under; install; attach; drill; pick; process; 
response; disturb; emerg; assess; encase; encap; dirty; clean; containment; eval; inside; removal; cut; 
wet; clearance; employee; general; exposure; shift; STEL; excursion; assist; personal -> the data was 
identified as being taken inside of the containment. 
Sample 
Data_SampType 
What Type of Sample was taken: 
     BG: Background; BZ: Breathing Zone; CL: Clearance; GA: General Area 
 
This data field was required to be populated because it added to the “weight-of-evidence” of the sample 
integrity   
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APPENDIX A (CONT.): DATA-QUALITY VALIDATION PROTOCOL 
 
Database Name Asbestos Air Data Management (AADM) 
Data Field Names Short Description of the Data Field's Intent 
Sample 
Data_SampTime 
Elapsed time of the sampling event in minutes. 
 
This data field was required to be populated because it added to the “weight-of-evidence” of the sample 
integrity. 
Sample 
Data_Flowrate 
Average flow rate of the sample pump in (Liters/minute). 
 
This data field was required to be populated because it added to the “weight-of-evidence” of the sample 
integrity. 
Sample 
Data_FiberDensity 
Observed asbestos fiber density from the analyst. 
 
This data field was required to be populated because it added to the “weight-of-evidence” of the sample 
integrity. 
Airborne 
Concentration 
(in fibers/cc) 
Calculated asbestos fiber concentration [(49*Sample Field Fiber Density)/Total Sample Volume in Liters]. 
 
This data field was required to be populated because it added to the “weight-of-evidence” of the sample 
integrity. 
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APPENDIX B: EXCERPT OF THE AADM DATASET 
 
Area or 
Personal 
Sample
Inside or 
Outside the 
Contanment
8-hr TWA or 
Excursion 
OEL
PCM 
or 
TEM
SEG Task Number
Project Execution 
Details
OSHA 
Class I, 
II, III, IV
Sample Descriptive 
Details (location, etc.)
Sample 
Type 
(GA, 
BZ, CL)
Airborne 
Concentration
in f/cc
Respirator Type
Area Inside 8-Hr TWA PCM Area T201006-3102
Full Containment, 
TSI/Misc/Surfacing 
(Class I)
Class I NE Side of Containment GA 0.00769482 N/A 
Area Outside 8-Hr TWA PCM Area T200305-2037
Full Containment, 
TSI/Misc/Surfacing 
(Class I)
Class I Neg Air Exhaust GA 0.003935743 N/A 
Area Outside 8-Hr TWA PCM Area T200305-2037
Full Containment, 
TSI/Misc/Surfacing 
(Class I)
Class I Outside Decon GA 0.003801765 N/A 
Personal Inside 8-Hr TWA PCM Asbestos Worker T200305-2037
Full Containment, 
TSI/Misc/Surfacing 
(Class I)
Class I TSI Removal BZ 0.201694915 Full Face PAPR
Personal Inside 8-Hr TWA PCM Asbestos Worker T200305-2037
Full Containment, 
TSI/Misc/Surfacing 
(Class I)
Class I Fine Cleaning BZ 0.200454545 Full Face PAPR
Area Inside 8-Hr TWA PCM Area T200305-2037
Full Containment, 
TSI/Misc/Surfacing 
(Class I)
Class I Inside work area GA 0.031111111 N/A 
Area Outside 8-Hr TWA PCM Area T200305-2037
Full Containment, 
TSI/Misc/Surfacing 
(Class I)
Class I Neg Air Exhaust GA 0.006765286 N/A 
Area Outside 8-Hr TWA PCM Area T200409-5541-1
Emergency Clean-
Up (Class IV) Class IV
Background air monitoring 
following Hurrican Frances 
damage assessment, 
Attic/ceiling collapse. Ceiling 
material non-ACM, Potential 
surface contamination from attic.
GA 0.000683763 N/A 
Personal Inside 8-Hr TWA PCM Asbestos Worker T200409-5836
VAT Intact Removal 
(Class II) Class II
Floor Tile & Mastic 
Removal - 2nd Floor 
Hallway East End
BZ 0.023671498 N/A None
Personal Inside 8-Hr TWA PCM Asbestos Worker T201004-1889
VAT Intact Removal 
(Class II) Class II
Full work shift while picking 
up loose VAT and 
bagging.
BZ 0.024697581 NEA None
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